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©f fliiefei©as, fS 
Al 
faM# 3«. fli® fSiietleiial €feaiig© in lesistniee,*W% is 
a fimeticm ef tlie fespsrstert Internal j Af ^ 63 
faille ^^1-# fli# Bmlk: /o | ' f t,'^  1 ;',2. ?"'©€; 
/«! I&ea ia Fiitilg tlie Ispsriiies.tal 
Data te fee 'fliaerctieal Ciirfe^i 
f SI lues ef ^ 
fatil#' 5* ©f tlie Fret ll#-etr©s Isssilty aM tli© 
Sleetreia^atoii Batio 0litiliisi fr©ii tli® Ifeillc 
Fti'fsiifsters* for Sbi's© TsiJ-tsss o? ^ • 71-
ffifela 11# B«t#0le:r twii S-Sf • fS 
faMe B2, Dotoctor Im K-32, ff 
fafei© IS# B#te€t0f las 100 
fam« €1. IlSfi :0'»2O,. 102 
f Am 
Bag® 
\ 1 , ftm&rwtlml Pnuesdeiies sf the lati© 
m. tAtPf fer flir#© ftlueii ©f tli® Seit- ' 
^ j ' " ( \' . J 6 , ll.|. 
Seliffsiiitie Mtfraia of the fa-cmii Cliaiifeer 
for tli« SfeiF ef fhiii •F^otafsiisn filiii. 16 
Fifiirs 3 a Seiimitie Siaifini of ttie tofangiissat sf 
t;i«i Soritaetif and 'tli© lleetrieal 
t 51. .23 
a T"mme h* iiaiam of tli§ Snyfac© lefeisatics 
M€itm¥mT ti Isasmre tlis I^tassims 
Belli lateBsit?® 32 
fif are 5« C©ll®«t#r eiifrsiit -f "- rtiaetios of S©llest©r 
Psteatial Clan, Ciai^reiit is 
IMepei^sat of Petcatial Below felts« 
Figtire 6. •Sol.l®«to? Cmmint as a ftmeticisi of tfeii filn-
seat fdsuerstsfg Sfeo%firAf that the losiisatios 
lfflei#iief WQS 100| fesleif 
figw# f# ffee BepeaSsriee of Lag m lf£^* J| 
ia the 'Icfutllstd Petassiiaii S«aii. Imteiisitj" 
fiM fg is the ©fes f«ape?iitiir« • 
figure 8# lesistiwities ©f Shiis. Pstasste; Films CMa 
IF»20| as a .fsaetiea ef tli© I'liieteess, 6? 
Figtirt fa GcKiparlsoa sf tfe© .Bacp©ylii.€ti,ta.l aM fte©-
mtiesi Hesistivitr fsTBm fliielmess em?f©a 
for flirsa falmes of the Seatteifiiig fefmsst«r| 
€ » fslmm sf the Bilk f^i^aiieters /o ssi 
/« lire SiTim ia f&Me. ® 70 
V* ' the SsXati¥e Positioas 
ef tfes §?mii &?ifie#5 . • '''irr^ ' 
Slaowiijg , tlie §sciii©t?leal faetofs 
^si ill Csltiilstlng tli8 Ftstssiliiii Beam 
Iirfesssi't?® f© 
.mmmmi 
' . : r '-Ifical rssljitifitr of 'fcbla petsssiiuii fllss at 
1Q0*I; hm Imm mmmxT<B^ gis a f^iacticm ' 
tfcickiissf range 1^8 to 1^0 iisfstrotas* fh© ©xpsrSjisatal 
results ire is €xe®ll#iit agriMiiitJi.t wltls fiielis* tiiesretisal 
j??eaieiions ia tbs saiig® 50§ ts 16OO aiifstroBS iiiid sli« that 
th© geatt©riJig of ®l®ctr&iis at the fi,i3ii ata^fiicss is coin~ 
plstaly iiffiisn# * -i, 1*^:,', ascl tbeoj'ttieal 
e»fw fifes a Milk resistifity }ja?sm#t:«r of 1«85 nierscttsi 
®ii| a metB fre© patb of II8O aiigsfeomii, snci as elecstreii to 
stm itmsitf rati© of fim filias were clepositss cs a 
PfT« safestrate fpo® r ef petassliSK iraps? is a 
«R 
eisaaMf wliisii feaS a presinfe lesg thmi f x 10 ism of Ig# 
fli# film ..tfeiekaessi in ©aefe eas#| Mas eospitei frc« 11 Isioifii 
'feessa iateiisltf, expo-sia*® tlffie^ mmi filp istifitj?* 1 surfsse 
•cl-'tir 1'!. » k; r.iiifcmte tlas "beaii ixAmmijtf 
^ ^ 'mi C^^)» Sfee 
\„r: * 1'- \ j'.'£ ' '''1'"= '^ 5!^*^" ga*#© ii h©st sf imMi-
fer u:"' • ' ,1 kcal./mol€ is foed sg»e-
m.mit with '•«: 4'- :t%! <C' ?i •ceisl/issls witlilii omr eaciseri*" 
usutal efr©r» 
1 
I. imBmmtQM 
Tm ef el#etrieal esiiimcties tti setsls leased m 
the tTm elmtmn mMel FIUMS m. eqmtieii tm the eleetriefil 
eoiiiiietlviti'i wMe'li esm b® writt©a CDf 
•» Cll 
iAer« a If the msiil?©* of fr-€© #liiat?ons per miiit ¥6laiiS| 
Ig tlie mm free patfs of aa electroa fctmisg tli« F«rrii mBTgyf 
rniA A is a eosstsiit iiaii t!i@ same mlti© fof all metals# 
fs,r mea©¥Sl itetalSi s is lisuised to fee of tlie saia# 
order of sagjiitmia as t!i© misibe? of atomi 13,nit foitaae# 
fliis asste;?tioa tes b«eii for tae ailcali mstaisi 
fef seasiireiicnts csf tbs Sill effect (2)^ Th^ mem free patli 
is tkm datsfulaeiS freii ©spefisgiatal is<BB.mTmmsts on the eoa-
la 1'..' iefivatioa tS Iquatiea tits scatttrimg of tbe 
•e3.yc'!:'--'04" hj the feeism^aTies of a soI;i<l "-/as assiiiie€ to lie ssg-
llgitslj ®siall csmparei to etliiir senttui^iiig sieeliaslsiii oeaiir-
risg- iiitismiiXl3r* tetiMary seattsrlmg is cfmsidersds the 
cofifiBetiYiti' l)sc©i£ei a ftmsticsB. of tli® nise of the «0lM« 
ftie eritieaX in iletsnsifiing the iiagnittid® of tliis 
®^sis# ©ffect*^ is tti# rati© of sosie cllja@sti©a of tlie soliS t© 
th# mmxk free pathi If tkin rstis Ib approacimiitely issity 
«f less 5. tla® is sieslier tbas tb© walue gi¥ea fcjr 
Ifiiaticffi 1» : ' • » ^ ^ I Li aetiils is alioist 
2 
100© mmstrmm at IDG*S mA hem^f in tfi© criiaary "tmlk sm» 
pies of ttiese •netals Gmmmmlf m-Bii ia s3ip®?issatal stiiiiaiii 
tlie affect ii iiifgligieie* 
Sills gecsaetrieal sspeet of eosiuetloa %ms steflied tli#» 
eretitally "bF l^achs (3)# Is itri^scl as. expr&ssim tor tii# 
©f ^ of tliiii iietal f i lm with tlilc'l£« 
His ©qiiitloR fifes tbe aspiMguee of iMm rat; 
wli,@,re cr is tiie aaiiiiieti¥it:f sf a ©r t is 
the fil® tlilefcssiis* for a gl¥eii tlilclciiess^ tli® uagsitiais ©f 
t!i# effeet also dmm&s m tii^? of featterixig at th« sii?-
faces I aiii ft^chs iiieitified sa j x , to 
sceomt fcsp this depead^eaeet, € feprsseats the fructios. of 
til© total aiiJiber of eollisioiis with the sBrfscts 
thst are speeulsr* Fer e » l, tlie scattering is eomplstelf 
speeylsrj for 6 s Oj the scattering Is esEpIetely 
fhe final result- is a fasilf ef em ef ^/cr^, Ttirsa,® t/i|n 
sacli €ii.rire feeing ietemiiieS lij one partienXsr falme of e « 
la gxperiii^satsl itmi^ '•>f t!ie eceiaetiiri'lj of mstal films 
as a ftisetlim of tliickiic^ss eor"«^ifie'5 witfa, tlisoreticiii 
sscpressisa afforig, la pria i, a amaas of s.' * ' .o % 
ji ant /p of Iftistisri If sii f etir^e of <r m$mu§ 
t is fitltd ti> the thaomtieal enr^e for scse aelestsi e 'fci' 
«^c!isates| a- j Igr oae ciosstast »iM tli© absciuiai!,. 
t, fef t eoiistaiit, the first ccmstaiit is tlie Milk ess-
cr^, a.a^ tlie sieeoaS eoastsiit is pitfef 
3 
s eas. tliea lie usleiilsted froii l{|tiatic», 1« It was tlie 
Dftemrf tmrpme of this eitper,tii.eat to pirodmcis , i - - of as 
alkali listal is tlie foiss of * i -• /• *• ; ^. 
imntg em ir-
TIIQ pj'©5»etiim of tlsis. filiiis of g©me asatali lias "btcoii# 
a rowtiae lafeoratory ttcliulfiie' anA tlisrs is a fast siaetiiit of 
literature on ths si#3eet (k)^ Imrestigations on tbiE films 
of tile alkali mstslfi h,ciif€¥fir^ ar© relati¥slj iiifrv..', • .-t.# 
ffe.® fljst it«asia?ei3.eEits on tke slegtri^ai cen^tietifities of 
alkali !5©tal filjas ¥©re tliose of 4|^l«yai€ and level 1 C5)^ ani 
o f  I j w e X l  C 6 ) #  f b e f  s t i M l e i .  f i l m s  o f  p © t a s s i i i i i . | ,  r . ' •  
ana, eesiisa eaaisaised tTtm the ?apor onto pjrrex gnlistrates# 
It e If tb,ss« expefiiieats that led f^elis to his ttieeystieal 
aiialfsis* ifitli. tlie exceptiea of th® eesimn fllias, th# tlitelc-
B©ss®s :?®;.rig€«cl from a tmetlm. of a ©©selaire? tn 
aiigitromi# ''' < . of tMelssessr 
ti¥iti«s ¥©?«• s&t statil® aM s latiisfaetery c«parisoii vitfe 
Fuelis® tlieory was Bet It i#an fvwa C3) that tli«s 
results of tlie sesiian ii©astipe®eij|;s ciotald ast 1)© fitted to ths 
i3U?¥i3 based on isajf slsgl® value csf ^ ^ it Mat 
C0rf that tfee eliaractsr of the fufface gcatt#fl.ii.g ¥as s 
finictiou of thiefcasss® fo t!i€ aiitlaor^s tmowlMgSf the oiili-
otfcii? experimeirrfeg on ttie eoMiietlfities of mllali iietsl filiis 
tliat Isjifa teen ptiMisliiBd ars tiaose ?.!' 'whom esp®?* 
% 
iiBsats m potasslim hmm "fessB coiiciirreiit with tls.© ¥or1c ?©-
psrfcei iisre* sg^eeaeiit witIi thtory i§ 
elaiiiecl for fllit thlefmesses from 1%0 iiiifstroms to- efe? C -
asgntrcsi^is• f l i is werk is iiaeiassei in Sl^flOI fill® 
'V>r. s4 , ^ 't • ' rft<> 1 for tlnis gtiii}?# 
the €fiioiee was IT' -1 ^ f .^rm\& sacperi-
laestai aitastsges# s tlieoreticml ^lewpoiu-t, s©ditj® 
weiiM be tiie best sel©eti9ii| slaee its pro* '^ei^t1e@ ggfee etm~ 
iistes.tl.i' witti tliofie of tfee fres sltctimi of a metal..# 
PotasslUBj wetiM be i seessi e -riA nc, Wmmer^ the steifif ef 
nociit'v i#c«;iM liwolfe ief'©.?.'-< o.f T;"r'.,tricmal tecliBiqiiea, 
rlf in the iBsa.stireseiits of film thiekiiasses* fhis 
Boirit -ri'l 138 elarifi^i in the €Sfmission ori tliis pliase of 
tiae experiment wfelefe sppears Is 'J 'C'sIOI HI. 
5 
II, I ' ; .' ' . . ..r; '^ i ^ fEii flliis 
4, IiitroSiietioa 
fbe eiegtrieal cmikmtim. in thin films as a fiiiietion ef 
tisielmess lisci Isees stuiied Isy Qther bMiots CT: "'z Fuehs. 
Seiretsr, lie was the first to ii¥© a gtriet asal/iis Issssd os 
the tqiiitleii for t steadj state UstTiMifAm fmn®-
tl€ai« lis metliod hm hmn tztsiided to sanisl# gemmtries 
otbm than thin films i9f XO) asi to gist effmts in stlssr 
traissport piifsBm^iaa (9? 11 • 12^ 13? 
file Gt the ^v-itior. tlist leaS to the clspead'-
aaee ef the ri. "'h-;- tfiieksess cf a fils are clis-
cuiised ill tfe© t&llo\rlnz "";c':i>r.fhn clistTlfetition 'faaf* 
fcr elmtrmi iraleeittef is s gtsti$ ©qiiiliteinif state is 
assmM to M gtwmi by 
' o = - 2 ( | ) ^ f p .  < 2 )  
ffhere ths fenii-Birac Sistrilmtioa frnietioa 
1 4- ®xp j ^ (3) 
Hem .IS Is thM ©leetpcm iiags« li is Plaaek^s esiiitaati. 1 is tlie 
sjae?ij of SB, el«ietrori| ^ it "".I-i siiargsf| k is tfi.e Bslts-
maim eeaitaati aaS f is tlie absolmt# tenpsfstiir®* 
€ 
"5^ The B&lAmmam, Icisatioa for tlm Mstrilmtiea fimetiaa 
fiie pretileii ia tlie ierl^atieii of iiiif eqiiatiea 
fsr electfdii transpett is tki© fieteEiilmtioii of the gteaiy 
St J n itriiMtimi f| of tlie elmtmm xm&m ttie 
eeiibineti isflntsee ©f apfllerl fieMii sacl 'scsliisloa processes® 
It is geiMsriilXl' asst»<3 that f is tii© sei^" m of m eqmtimi 
©f tfe® fern 
(tI)^ *(4l)^ = 0 5 ft) 
where (jil if the time fsite of cliaag# of f ine t© applied 
fields^ w fjljasg# of f dii© t© 
colliiioBS# If the wnm is the total time rats of eliaBge 
is serOf i»e«, the sfstmi is in ^fmmie ecuiilibriwi er in a 
^ J r :'d f st«ttcj • fIlea 
f ix ij is tif^y iVg 
ii the aiiH!)€»r ©f el,fictf©it»s ia the spatial ele»at ixijts aai 
in tli« wsloeitf slemeut 
In t«« of 'tlis irectri?' irelesltj Y &rS the weetor aceel-
eration I of aa ©laetTwif tlie f'r " tem in Bqiiatioii. % e«iB 
fee ¥ifltt«B 
^ . r . V t ~ V . (fji) , (5) (TI) 
fbe fesifi of th© lleltsfiaim '.if this rfjf#!?--
eaee is not ia ttifs saiie f©?ia as gi¥sii is 'Equation 3* 
Icimtiea 5 ©bttiiiei % |«ia©rsllsiiag tli© ie?iirttloa 
giV#B tlifr©* 
f 
f fmm tlis d©t isiluatts the seals? pmimtt* Tim weetor 
oprnmtom V|| liM are, ia rsetaiignlar eeerSiimt#si | 
iifeer© Ij ff if and If® mil; »ctoi?s almg tlw m--
oMiEat© «z®s« 
siMplmt mm Cl6)i an snaljsis of tli® esllislsa meefeiiaisiis * 
If left ill €iffersitiai fona for' tlie pfsusnt, Ifaatioa %• 
tmmms 
This is ttis Boltsiisaa i^qnstisn fsT the steaS^ state SistriM-
tioE 
Faefes' Solution of the Boltsmafm liimtiori 
ffee pyiiisri* e«3Bfieifa o;, 'z-jysiB was tlie effget 
of hmmdmrim en the #l«etrieal ceficiiie*"*®''? tjr'. Wef sisplicity 
li« eoasMered tti« msB iik<sm tlie mstal ' cailj two smrfaeniii 
ttiat if I a laetal iufiiiit# in srfceiit ia the x asiS f iir^etisiis, 
tet 'bcisiKlei fef tlss planes 2=0 aM s « flie tieistric 
s ? Is iippliei in tim x ilfeistiori® 
V J| SS 3C 4. F * E t 
TT -f- ^ 0 -3- ^ 
f ~ ^IeT^ "I '' 
4 i©tail#cl f ii5'¥dlf*®s t 6¥eis. is tlie 
8 
So z' 6 t& 3 siiiplef J-w _ t- t' : ^ r^- I'-c 
folIewiBi tsfimptloiigi 
l» file aiiteilmtlcssi. fiisetien f eaa lie a$ tlis 
I# eollislMis ten! ts regtcire tlie gtatle ettiililsriaii 
itat® eliarseteriBea l3|' aM tlis i»st© of tppftacti 
t© ig pyepQi'tioaiil to l!stlietiiiticall|"t 
utiere l//- is tfeii ecwtiiat cif prsportioaalitj* ?• it 
eallf^.2 tfee Mlaxiitios tine® . 
3* 1 Is Isiepsi^sat ©f tli« ¥®l©eity eetxaiaatiig* 
%• ffe# fmetioii f is irid«p«siies.t ef tti® space ¥ayial»I.6is 
X f.Hi y« 
file first assisptisas liai lissa iisei in tiie thijoyy wliieli 
IM te Bfiaatisa 1| lait it was Fisfafi* iaiiei-atioa te iiicIM# 
tti# fmwtii mmmqM.m» fhis fcmrtli asinifqotim can "be Justi­
fies em p&fsiciil groimis# If a lUsiTser ef eleetresg impinge 
on a 'beasiisg swfses If tlisr a?© memilMtlf fisatt©r®€ 
f»s the swfao#, tlwlr emipmmixta of ^elseity t& 
til® ssrfses tiould b# wnsbangei tiy the ©aeeiaaters# If tlje 
eell^fisn:® wert net eceplstslj spemlsTf &si#wert a fraetlea 
of *;Iv parallsl eoapdnsfiti "tie eliaiigecl aM trmmport of 
tlustrous to th© sn^faes Msiili "b# modlfiiJi* fliig 
sm of f, iill '' ? tem f|« 
f 
f 
•smiifiM&ticm iiiitil iiitetmsl sestteriag iieelm-
simm pr©i«ilmitei| ililcli memii ttiat the effnet of the surface 
wemM fm g©is@ dittsssa iiit© the setal sM tliiat f, 
therefor®, woiiM be s fiiiiettaa of tliii stau.ee fren a smrfice® 
IMs? tfee aMiire ass'a®pti©aii| tliii'loltsMim ecjuitioa fen-
emms 
¥ 2 ^ t It f 
T >t '  " i ' ' " '  CXJ-. '  is SiSSSifKl ts be sr:; .al l  
Csiswjrtii&a .11 • ll#r@ -s is tl«^ ©leetresie ctisrg#. letyraiigiBg 
til® terms} Ifuatioa f Iseeoiiss 
whicli is » partial iSiffereiitial epilation, tm * flie gensjsl 
mlntlm. gl^fsii is 
f a ^X«. 1 4- <#5 If) gX|j{«. ) 
4 
Cy) 
iftiiir® <|>Cf| is ss atMtmfy immtim. e^f feioeitr- Skii fmse^ 
tiffin is *3 1 ' V esBditieiis wlaieti cos<« 
ioTjfi to tlie pfeysie&l -ptettir® of tlie itirfaes leattsriag Just 
iieiitisassi# 
Ifmliiatim c^ff; 
from the ^isemssiea in tlm ii#seedlB.i section, It is ©lair 
tlat e©n®fi$rsti©a mist be giteii to the t|'ii-e o.f seattsring 
10 
at tlie smfB&mrn iri the zbsemB of a Sstailsd tliecrFf Jtielis 
mmmsii that a fafsetlaii. ^ cf tfe® eaeeimters witli the sarfset 
are spuciila? isatterlngs ajiii ttie 1 - €• ,, are dlf-
f limit 
t ^ f* fs? 0| aiia f « f* fs3? 
sstiff I wti«a if^> 0 
fh&t is 
f j ,  -Sg) = 4>~('-';;.. »y. (+ -^ ) . 
It 2 = Cl| %ii« clistrilmticsi tmmttm of tli# ©l#etr©iss tspiiifiisf 
SB til® ssrffiiee is 'fy| 0}# flae iistrlMtioa tmm^ 
tisri of til# Imm'tm Wimli. 'be 
^*•(*35., *j,, 0) = e[fg -I- Vy, -ifj,, 03] + <3. - e)r^ 
f„> 0» l«ae# s 
1 4> •- ;t Vyt ^ + '^=l^"Cirg, Wj,? - *gl # 
QT 
. +/ % 'T - ^ ) 
4> --re* 's' . . ^ ,;u) 
s 
for > 0« iiiailarli'i r^< 0^ 
4>-Cv '•'(•^•'' )• 
Fiimlli'5 tlisa, t!i® fmietlons f'"^ bM f" iiyef from Ifiiatidii f,j 
11 
!lOr i 
miM. 
f" » r .?/} 
1# Cslcalatioa ef 
fh# ifemaiMer ©f WuohM* mlmMtion Is egs<m.tiiilf fofsiial®. 
flit mrmnt Seasity J ii istefudrtei front 
wfesre tfe# iiit-e,tratioa will be seTJsr-ated iate t%r© 
aai ths otlisr with ILJss fi'os. ¥g « • cv to = 0 iislag f*® 
^¥i«2gly$ after tlie iategratisii ii perfomeij J is a fmaeties 
of s# fills is tli©a awrstipi; fres s « Ci to s = % te olitiiiii, 
the apparent ciarest ilmisitj 3f wlileli. •MO'XIO be in 
HE ©3cp-eriiieiit»' flisa, 'Sf isfiixitisiis 
fli© <s¥aliisticm of tlis integrals it gi^ea is Fiielis^ O'rigifiiil 
I isp#2» C3l» 
sm OO ^ 00 
Integrals ® oae witli li; its ffois. a 0 to ss^BSiri,-: 
fhe f *' • re « es; i sg#5 CIS I pag® ill ttm 
tern 
(11) 
.1'2 
whmB tli,s fmiietieii , 
hg Cx) « I,- Ix CI - e) Cl (| 
 ^SK 'j'- K • l«  ^'X'^  ezp C-SK 3 
^ Cs^ •  fc ^ ^ j • C12) 
la this eqtiatioa Ke t//p aai l^Cs k) is tlie esp^oneatiiil 
iatsgril 
1|^ Cs K" ) s ^ txp C»-^| f 
SK 
wliieli lias 'be«a tabal.at#5 (17)® Tallies of Bmmml 
mlms of K a?© gtwm. in tsMlar font 'by Soai.lieis»r Cl| page 
11) I fer € s © aui € « -|* 
fii« g®a®fal re suit I Sqaatiuus 11 aai 12 .| for ^ » 0, 0«2| 
sni ©.f is siimm in. Ftgti» Ij wher# tli,s 03?iiiiste is 
I^Qg s j_^l5g y 
• 
and til® fAbseisfa is log t/ % It is s?e@ii tlitit as € ia». 
e?ess®s froiu S€?ro, tfee sise sffset 
/• / 
For 3„ sa«tlon 11 Ki!n«s to (16, pag® SV5), 
Xto^ , <135 Cr 
^0 
sijfi for t/i'y» 1 page# 2%5)f 
cr 
« l * Cl « 6 ) * Cl%^ ) 
lofaritliia to Ms# 10 isf writtfui log^ tim logaifithis 
to the Isperiaa 1mm is writtea lii« 
13 
WomulMs 13 m& tm € = 0, are shows, la, Wtgum 1 m enrtes 
M. #;ai 1 respeetiTelf, '<) ;; rditati^ iis are iralli ©£il;r ia 
a, liaitM rsaie# Cljuslsers Cli) feas SIIOWB. timt a setter ap-
prsslmatioa to tfa.s gssBHil for € s 0, ia tlie range 
V / p < Is giwsa 
* |x|m I  + 0.%22^ CI5) 
If t!i« fmsiyatie term tn f< is oaltteil, th^ sppresciiMtloB Is 
as sliertfii bf etiwe € in fif»# X» ftiis fsf® lias fe©«n fejr 
M m m k  ( f )  la the trea^tiseixt of his eai^jsriiseatsl data* It 
will bs aisenJsM in SlCl .:0>J YXIl. 
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for Three Value; ^ae 3catteriD,£ Parameter, £ 
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km Staeml Bes^rlptlei tlie Metliofi. 
fii© escpsfiactrital niftlisi of IpplejraM sM Ij©¥S11 C5)| 
ill iti fsaieral BMprntn^ ms a-3opted f©r tliif iB3?estifstiea,« 
fli@ flliif els wm-x- " s*Di res*.:: ia ii highly etaeaateS efiaislsfs?, 
fomed cm a pyifeai: stitfaen eeoltd lif litmiS 'liltfogfn ami 
plaee€ in ttis patii of a eoUiiiatei beim sf petassiiia wper# 
fli@ smrfaee hai been pretietisly prepsreiS with elsctriesl eoa« 
taetf 8& tks^t msigfsmB mBsmmmixts eetiM fe© laide 4a 
fks tMC'-rr sf Til ;? "iiere 'fej 'tii® diifatloii 
of ttis f^ostars of tli# seligtyate to •ttie l»iii:. ¥tiose iB.teasiti' 
hmtl Imm iistsffalMi froia s©¥eifsl mtixilisri' experimsBta. 
B* B«iscriptisn of th® 
k ieheiiatie ^rswisig &f the Taetmii ehatcber is shmn im. 
ftgirm S.m It Mas eiraemted bjr a tiifse-stage$ water-eoslsiSj 
>il iiffmimi mmp imM a Meiefe 1%S3 forepissp# 
H. e©i; t iiH!i#rsM in llciiali iiitfi>ge% iiiis l©eateci "bstweei 
th# Mtfmimx wim aiji th® shtiifer, ffee prsssiif# in tti# 
etiamlis?! ss laiiest®^ fejr a l«>stii3.fli«se iasiiatisa 
gatife Mm alwajff lets than 5 3C 10""' nm of Hg iiirlsig tlis eomysii 
of fxi^eriseats * 
SUBSTRATE TUBE 
COPPER PLATE 
COPPER CYLINDER 
OVEN ASSEMBLY 
TUBE 
COPPER EFFUSION OVEN 
SECOND SLIT 
/ SHUTTER 
FIRST 
SLIT 
ORFICE 
MOLYSDEWM WiNDiNGS 
ON ALUliDUM CORE PYREX 
SIDE TUBE 
FILM 1 
POTASSIUM METAL 
TUNGSTEN RETAILING SPRING 
~^^T0 ION GAUGE 
TO PUMPS 
Wt0dTB 2» MMgrmi ef ths fsemaa Slismlidr f&w til# 
BtwS.f of fM&' P&tmmitm Filsf# 
HIS. m m  
fbt sm3!m ef tlae potmsiMm wm&r itas s e©pp«r o¥ea e&ii-
t.iia|,ag a '.-ll /(.?- of •mtmeivm* ' bjf 
ia^illiiig a 5/i6 iseli ilaisetsf bsl® in a oa© iii«h utetioii sf 
i/g ii»ti e©pp«i* romiii gtmk* flm liol@ was eappsS at me m& 
wttli S#000f tmch eepper foil aai tseia la plme by a eopp^r 
•piiig iihleli wfiis imeS to ' n of ovea lay 1-72 
stainless st«j€l screws® la tlm eeate? of tii© mp ms n 
square ©rifiee Cl^OOlf sfaare iiiclaes in area* 
other eai of tli« hoi© wag tlireaclecl ©n the irtsiie to ae-
©«i©iate a eopper piiag» Slie plug ecsataiaesl a i/8 iacli issls 
wlileli wss cLtilXei sziallf I tlie eiitsii© aai -wM/sh e3ct.eB4e€ 
t© witills 1/1:5 iiieb of tlie iasM-e suTf&m* fltis 1/8 iaeli 
bolt serftfi as s well for a tfeemeeeapls# 
flie mim was lisatsd fey a fowteea ttim soil of 0*015 iaet 
iiolfMsaia ¥tr#» fliis coil was vomi m a tlipea<i#i altmasu 
e:7liaaer niiieli fitted over tlie OTen# coaetiitrie 
I'.aaiatlos fhlsMs sin'rotaioaisg the f>¥@ii prnwentM s.wmsi'wm 
mdi&l iieat Isas fTmi tim wiMiSfs* P©ifer for tli© ©¥sfi 
heater was taktn frrai the lew i?-oltiige siie cf a 6»3 toltf 
20 smpme tfrnsfsmtrnTf wliose ispit wiiii mntmlMd !jf a Siipe-
rior Mlmtrie Pmrmsm App^mismtelf 3^^ " pm@T-
wwm sufficiest to laintaia a .^^-re of 180*€#. It itsii 
foiat^ tliat tise teiipisratiire irarlmtiim cf 'tlie ovm eoiili lae 
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feeli tc witbia llttl® «5.iff;; ' ly if the lime 
Toltsfs siapplfiiig tlse iBimt was ¥®11 regulatei.® 
ffee tsiipsyaturs sf tiie mmn was sieasurfid tis? a eferc®#!-
P-alsiiel thsrBocmiple made ©f Brcwii aiii Sterpe iamg© #26 wireg# 
flie tfetmeesiiple Juiietioa was litM firmly agnlsst tlie copper 
ev«s at tiis tefie of oc^Giipl© well Wf a tiaagsteii eoil 
sprtag wMeli wm strstelied hetwmn ttif ofeii aM the iiisnXitirig 
tafeiag t l iJ i t  cowri i i i  the thsst ioeei iple i l l  res# 
fh# potass'l'st taetsl was st©?eci'. mfier siMerai oil# 
SmpleB ef apprcpriat® size were cmt ifiltti a spafeils withoiit 
reiao¥liig it fro® under the mimml oil aM tlie six sides 
i#©r® trimmd so that sll the poMgslma expos@ci was i3.se to 
f?©gb ei3,ts# The sample iias tfeea tfansferred to a fcath of 
l5@aaeae la. srS®r to reisste tise mim»ml oil* Ssriiig tli@ traiis« 
fsr, momgh mimeml oil r&miimd on tli® .serfaces so tliat m 
p&septlhle Gxifl'-ilon tmk p.lsce« After a fie^eeiicl riB.se la 
f r t i is  ImmmM, i t  was imsei ' ted in the ovestf  the mm SMsmMf 
placed is tiw m^msi systmp aM the p teaecl on. fills 
last tmmtm" was iose sa ciiileM,.y as posiiilile m tlist soiie 
lj«as€?iie vouli xmrnM on tlie potssiitm sxmt&ms mtfi iiininis# 
cccMa.tlsa..« liia.e® ':,ym r- fer the owm tfss rcttrecd 
eoasMsrsMf bF tia.« iiiiill orlfiee in the o¥ea eapi It is' 
pf©bailie that all of tha h^mmm vm completslj r©so¥#d 
from, th# petassitiB sniffaees 'iiatll. afttr ksait tiafi sppl 
la t© limii its,# potsssim Tupor eoMsage on a pra-
g0.i*lt?©d ares of the stilistfate 'wliose iimiaisisns kumii^ 
tlae taper was eoliineted tw© feetc./!;" , -llvj aligned 
witli, til# asia -of tlj.@ fli,e irapor wMeli paiseci tlii?oi3:gli. 
til# slits tteis formed an stcale tiesii of restasgmlaf erass-
s©eti©s..f 
the first slit ms locmtBd iii s eepper eylliider stippertei 
Itf a pjmx teifQ wliich ms fillM witli, littiii iiitrogeii during 
tlie sxpetiifieats • ffej„s cjlinisr s*arroiiaiei. tli© sli^^atrat© 
arsa wiiere the fiiias ¥sr« flia slit was p?ofldl«3 with 
a sbntter so t'c-t'c e.icposiii'es of tli.e substs^zte to th© Iseaa 
eoiiM be flie slxiatter w3m opsaei SJKI clossi bf seaag 
af a Mpist tfee •faetmii cliamber# f&is iisgnst attrsgtet 
a sitsli'lliiiso-f iBngjiet fixni te ttie shutter pm%* flie fues 
of tbc £*"ir"-ter nearest the c:/liiii.er fesfi a reetsEigiila.? Mfflt 
Miiieti o-f#!:' a n-l-\llar Mffle on tiie eylisa#,?® 
whm, t'm slistter tms 8les«i3| so w&p&r emJM Imk tbrmgh te 
the BlJ.b fimt gtrilcisf at least two esM mppm star-
ftcef# 
file ieecsui slit was loeated in s ©upper plat© whlci 
eo'terei tlie smlistrate fiirfa«e« fise plat# was fixai 
to tlie sstsstrate tmfee aaS was lets tlmn 0«1 ess fyeis tlie star-
fsee# 
ac 
. .c ' ' !" slitsi w&m l*fO 
m "tf 0$$0 'em mi 1,%2 eia hf 0*29 —'•*" -<• fiaef 
%reif® lietli fiiMdeatai frets 0*QCff iiieli eepjse? sAmB%» fiiM sigeg 
af tise steoui slit ires*© groisM so tliat t!ie aetefil tliicslca#!!® 
of the ecippsf st -tfee slit ©ifeg iiss. less tliaia Of001 initio 
EtuCTil ef tlm ttfiirsat#^ pstsiffisiiSB wliieh was sot 
Alrmiteii tcwsM c'-. cwas faellltiitti bjr tlirs® pffsac 
tubes whieli ira? • • ' i '^ C :h liqmii iiitrogeii* Clie of tliese 
tuliiis is shcjMii ia figiii't S, iiftetlj? to tiie left of the 
eepiMF e?"" l-iio?-# the t shmmf loeattsS is 
fiiiiiar pesltiorm at iidf?s sf the Mf-JMiMT* r£ tmmB 
sM® ts^ss g#f'¥efi a,# a suppm^t fm the cjfliadsif# 
flit -pmprntim of » c first layers of a fils:'. .©-ye grtstlj 
affeetsi lif tlis Mis ipeeitl •eoM'ijpii'stjfi'i of 
thtit MferfSf sisels as aggregation, or prefermtisl erleiitstlceii 
will affeet tmfeisqiient lii|*«rs t© «iO!Ee «zt€fit» lleBc® the prop-
fifties sf **tills, ap® often those of tfee wystm&f 
sist -fjc. it:"-? of a I'c^. of tki 
film iTi3t©?3 ; 1 X * f: 15 r. 
fias sff«ctg Qf ttm siitefitrate ai-# knoifn. cmly fialitatlfe-
ll-# ^ unci 'Lmell « u the iaflufssee of 0sls« 
itrata .v- ^ ^ v.< CSmrisg ttie esiiSessaticm of tk« fllii) giai. 
eeatamiaatiiM mi ttie ©l#ctrlesl. pi'opertlsa of tii#ir 
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filffiSi aiifi were sDlt to preiiepiM certain teciEiicsues irtiicsh 
I: : I i ri' o?(l©!f te obtain reprefiiJei'blS' 2?'e~ 
ii2lts« Stttciiss of this iistmr# sfeoiiU IsnA tliifoseliiss to 
qiaastitfttive deiiefiptioBi 'but sitcli descripticm not sees= 
to -1 ' • . V to Vim 'pTmmxt tis©, 
P3fr#3C glass bas isaai^  aaifsatages 0T@r othaif aatefials# 
It is easily tissaita tscl can Iss ineorpersted is s ¥aeiiiiii 
sjrstem ¥ltli little Slffistilty.. It eaii Ise tieatea sM soolei 
iilth s wiiMmms: risk i \ ^ |t ig als© iffsyy s®cotli oii 
an ateisie sQ&le, Williams sM. Baclcus ClSIt iJi tlieir €2|?©rl-
ussls SB replicii teelmigmes for eleetron ifii« fcftiM 
tlist tliere w€m tmf iiscontimiitles in elevs gTestsr tfcmii 
stcmie clliieasioss C5' te 10 aii§sti?ei3g) la freflilj flre-poliiiied 
glasi* fb#ss prGp©yti#s, tcgetlie? ulth tli® s^fantage of 
Applei^ iri an,i, £of©ll% prior expnyiisaee mti&s jifrm: glass the 
SQst isfir-able imbstrat© material foir- s 
t * " 5 . ^ ' '  ' » *  • /  - " % ?  . 1 .  i n  t f l f i m e t e i ?  a m i  1 3  
cii. Icmg., wast liciated to th« •trorkliif tuapefatur'# iiM pressei 
fe#ti#B€a tw© griipMte feloelcs to fom a ttils of sJjiest reetam-
gular cifois sseiicaii mpmiilxmteilf 1 ma thick ai:Ki 2®5 ai 
wiclis*. f3f» eM'csf' tfcii# section was seaXeS eiiftS. the surfaces 
mm flisms* I pof^tioti of th:© 
imrfiicii ia th® flat i^egioii was selecsttd as tlis 
flie mljstfate tmlse *is incorpsi'atiail. is, t'-- - 'c;: * 
Mfmm in Figure 2# It was prsiriiei a siatll Iinates' itsf-
2S 
J tim teke-omt sf su.l5strst€ ws-m sM fllX«a 
ifitli a umlaMt daring tlie furnstiea of tlie fiJji eoMeitfa-
tioii sf petgssiiSE 
Sisetrieil eentaets were paiiitei mi tk% sutmtmi^i with 
tepemt #1-990 eeuflMttog ptiiat» l!li« geesstrieiii arraiig#-
sfiiit of the cojitaets in subs irate* ares in sk©¥ii i,.,t« 
leallf ia Fx.%irc 3* th# paint was mmrl hf Itestiaf tlie tube 
ill aip te ^J5'0«r l is a iDslci&s ©Is^trie famiKie at a rate of 
appfosinatalj nine deg?e€8 psi? miimte, fliis ti^ iipsratmr© wm 
msiataiasd for a'femit oa© Isour 'pefore tlie fiimac® ¥as allo*§i 
to eool^  4fter this treatraeiit, tlie paint iias «xtr©iaely ai* 
to ths glass aui resnlaeS se s-ffeii after the glass and 
paln-t liaci %t©ia hmtmii In i Yaemiis to al)©mt 250®C riai coolM 
to 
file caitaets lei froia ttie sialistrate arss to foar pyrsx 
eyel.^tvf itfere fiig&d ts tlie su.'list,fat© Copper wire, 
tlirasdM several, tisiei tliroufli the eyelet® aiw3 tiristeS 
tlgbtlj, pfo¥iiea ©iseti'ieiil leMs to » } :i i, fi .. v 
fls© taapi&ratmrs of t'mi aiifestrat# was measixfei W a 
eoppcii'-eosgtaataB tlie?iioeei3ple| sssis of Byoiiii arnS Slmrpe 
*-* . i'y..'r eappcir am! -0© eoiistastsa wires* fiie wires ursrt 
ttirns^ei throiagli a tiro-liolt quarts ttibsi one iEefe Istig aM 
liieli in iisiaeter, wliieh was ImM firinly te the sstisteate 
tmfee "bf a Msii of 0»010 iacli lieliroiiu f» the fmrntimi vas 
pisehed hstwmii the sisarta tslse aiai ti3€? siiBstrat© tiilis at s 
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STAMOARO 
RESISTOR REVESSIK® SWITCH 
PAIF^TEO SILVER 
CONDUCTIVITY 
PROBES 
>r 'C 
QyTLi«E 
FILM 
o s 
2-  1.2  V  
EDISON 
CELLS 
VARIABLE 
SERIES 
RESISTOR 
- PAINTED SILVER END CONTACT 
OUTLINE OF COLLIMATINO SLITS 
EFFUSIOL OVEN 
SUBSTRATE 
THE WO COUPLE 
dWCTIOS 
OVEN 
THERMOCOUPLE 
FUNCTION 
Vt8 'TO 
TO ICE 
BATH 
TO ICf 
BATH 
figSF# 3# Seieiiiatls Sltgfiia sf tla^ ilrfiiafsasiit ©f tkm 
'Slm^f/Aml Ccoitaets aiii tfe# lleetrtcal Sifetii'l® 
Sh 
spot ili'eistlj ci|Fp6sits the m 
isasei# 
flis twci theBHoeoiafile 
g&bstrate wme lircmght • s'ct 
m etpiliary tmlsiBg ulileli were 
wax. 
:len iibefe tht filsas vem eoa« 
;|ie fscmiaii &tmmb& ttircmgb 0®1 
sesl#3 wltli i»ptsso? 
C# lesistaiice atid fmimmtmm MmmvirmBuMs 
.1 seL.-^-..-,jtlc iisgrae of ttie electrical ciisctiits is fliewa 
ia Fiftire 3«- f'oltages aiii are r^specti^ elf^ 
til# ¥oltage 4rep across a section csf tli® film lietwees the 
prei^ tsj the aersss a staaiitri reslitoi?, imi tli$ 
ssif of tlie substrate ttie.Baoe«;-:.3.a* fisese voltages vsm saeas-
larecl asi reeorSeC bv a Byistcjl. odel fow-point, stfip 
•etis'i't r^tcjfdeyf with a range of G to 10 - fMs 
iastKiBaeii.% imumms foltsges l3|- ? aall-feslaiiee laettioil.# flie 
«ti?reat throngli tb# fils was aijisstei l>j tti# ir.ariiM.ii series 
resistor to kasp the 'b®tif#eii the eoMnetiflty* 
probes ijetweeB 2 and, K' -"flliTolts* It was mmsB'HTf to tmwm 
a .'Ic v}:-?-', rafdgter so tliat the ¥oltag8| V„a 1:: 
tli« isiiis ?snf#* 1 se€ lerttiriip iiasljer %7?f} 
WiMmMM Besistor ssrfsi this purpose* 
Seitetof gwiteties ii#?© inecirpofateti in th« eiremits so 
tliat aiiF ¥oltag€i to the ; s of the yseorisr 
l>® iiieijiured ingliiad by a MxiMimn tjjm B potest!meter# Ifitli 
2$ 
this ajrysagsiient, tlis cta.wt mmri cmM hm ecsasarM witli 
poteiiMoMfits? readings tt asf tlB®# 
ftm emf ©f the crteii tliensoeeiaple ^as s^aisfsi oiili" 
fey ttie lulsiecsi. p©testicseterr Beailngs w&m takm. mp^f gis 
to tm laiBtiteSf. 
fills fliicliiiess Messiircamts 
M«tlioSs for measuring film timy fee dlflieQ 
into tw© classeii eaej dlrset mstliods wfeleM iieasws a tsrii© 
pbysical tbielmessi asi tsroj iinSlrect metliDiJs wliicii measure 
a noBiiaal thicMiess Qnlf» Wmsqylm of the first diss af© 
laterfe?0i!#trie Clf) an ^ isiMj smrfeee '.^cs-.Iiea 
teelmiqtiss (20)| mmmpMs sf tlie sesona eMss am radioactive 
trac^er tseliiiiiiaes (20) aai tfee setlioi aiopte€ in this sxpsr* 
vbieh is ^mQrlhsi, la tli© following pariigraplis» flit 
direct laetliods of tl»® first cilass prowiie tlie Eiost seaaiiigfiaX 
laesiiiifeii'sii.tii 'witli a lainijiEii of aiSiwaptioaii j Mit| if tlie fils 
mast b# kept in a ¥aeiiajsi, tla© sxf?#flsestal iiffieialtiss 
he iraisli ie-s-i for the* Bcstlicicla c-f the s#eoBi clasi# Slaee 
petassii5ii ii.etal saeiiot l>e exposed to tlie ateosplierej tlie 
metliod ia tliis espefiMiiat appears to 'be tlie siifiplest m& most 
clijfeet riaeaiifs ©f oBtpJs'lnf a lasasisr# sf tllm,. thietaiess ® 
Ifi escls of smv- '^ 1 exnerimnMf preliiiimry tc tlios® in. 
vhicli tti# resistances of films were stiiiiec!, tlie iiittasity 
26 
: -3-^1' '< ' ftet galibatlisB mmwtim p#r-
forimH. in tfee- sase spparstiif tliat t. ^ i 
Imeats# Fils tfeiekiiesKis nert esleilatsi from tiie iateEsity 
ef file feesiij tbs tisa© of sxTBCsiare sf the si3l>sti»ate te tim 
b'*:';. ^ ;r45 tlie asstmiptieii that tiie iessity ef film was the 
samt as the ieiisltj ef 1/F . It was slse asiiiisei 
tkst ail til# petusgiiasi atsmi tlmt ispingeci on tls^ ii^ list?ate 
liferc C"»1l -r • 
fb© ieflee iis#d IE tb® 'tseais cjalil^ rsticii wms to maastife 
til® ial/eiifitf i$ Isiioiiii. ss a ^^siirface i^ sisatics ; t is 
tli« tertdiielogy of lEolc c liiienters. 
2 ® Ifee surfiiee ienizatioii deteetor 
Isi 1923, IjiBgioair mA Singioii (21)? wtieii stmtjriiig tlie 
tliei*giisiiie mlsslmi ef ' I" . ? ,* 
¥aps?, f01113^ 'fciiat efery eesims atom wkieik hit the tengstcfi 
sti?fiic« l#ft tlie surface as mi ioa i^ilieii tli# tmgstsii ¥ss 
abcrr# gkiat 1200^. ' a# ios. ta a mllmtm^ iilaith 
WHS liiilil at a usigatif# petentisl Mtli respsct to tkm fila-
^  I \ ' g  o f  t i l ©  r a t s  a t  i l t i e l i  t t e  e e s i i i i s  a t «  
r- • ' L' '» . ^ , (22.) perfoitasi sinllas? 
eiciitrimsiiti sltli. 'mM,i±ms. rniA mt$,ssiMa. vapers* 
Is 1929s Ts'flm (23) p©iiit©i cmt tiis iitilitj of tliess 
effiasti in Mm^smm&eats of tlie inteasity aistritmtiaiis Im 
2? 
itslteiilsr iMiaiis aM fiewelepM tla© pmeticsl aspsets of sueii 
iieasiiriiaeatf ia detecting tis® magnetic <l©flsetloii ef s potsf-
Sis dsslga of a i^ tmctor wasi a. fiispln exteasioa 
of the clsirlcies iiseiS &y ",.1,;; ir x! ICiiigio:s.^  It sonsistec! 
of a lieateS toiigsteii filameat sii,rroimci©fi by a mgs.tirel.j 
iiliiirgsfS syliMsT vhi^h serwed m a ©©'lleator#. tlie cyliMei? 
Iiai t%fo slits aligned witli tise axis C5,f the 'nmm tlie fisst 
slit tile 'lieais te sster bM 1)S intercepted 'bi? tb@ 
the seceiii slit alloifei. ttia ijiiiiiteye®pt@d -.cr-
tioE of tlie "feeaii to pass tferoiigla tlie ci-liMsf« By laoimting 
th,® i#teetof BemnM'lmllf tm a gyonai glsiss Joist Cse tfeat 
itf positicm cowid fee ehariged)| f&floT was afcle to Beasnre 
sisall ffkBMgBa ia tke lieam trajeetory® 
fills i«¥iee !ms siaee hemii wicielf used ia Bwleealaf " 1 
experiments* il'ihnsjs- sieasiireiaaiats of hem istassi-
tits ar© not iisuallj required|. it Qm he tm this wzTjmse 
if the c^ffleisiier of the ilXemmM aifffaee tii .pyo-ineiiig ioms 
is loioiiii* lt©t r^f, Iw tM mmher «f less Itatliig 'the filamsat 
sw'fsc© per imit ayea pf?? md ttiii ssalofoiu 
fiaaatlti' for ttoiss# flies th© ioslattica efflsieBcj, £ , sf 
tliis smfsm ia 'bf the efuaticm 
% ^ '^ '4. 
If it i» assamM that the %emm Insiiljer of atwss 
strilcir.if -t- tiait area, of ttj# swfacjs pey- 1. ':t is 
1 ® + a,^ , ,  ^ CI?) 
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tliSii the mi > ' >'•) 11, is 
I| s s6I cr^ 5 CIS) 
er the fc-. ••. 'i *•-:' .•.-'•'v ^ 
€ <£ cr„ * 
s 
In thif mjimsslmi. -e is the «leetrc«iie eljsrge aiii is tli# 
fl"* ' ^ - uxsreeiit i^ b|* c \"ll" It is asiissiei 
tfeat o-^ if piall so th&tf ¥ltliis. its 'llialtf!! tlie Mam in-
ten i^iltf is imifciri!# file isaiu in msimg the suffaeii 
iouijsstlea isteetor fer alsgoista iiigasiii*@Bi®nts lies fe tfe« ie« 
teriEdsatioa of "i" • ¥^,«» <£ is kasMiij J eaii M eslealat^d frcsti 
iieaftiiFeci Tralses of ^ ani o-^* 
Fsfis tlieeretical iinaljs'ges the mtio O'f ts 
s,^ is giTta 'fef 
a J- • r (gO) 
wli#?e (p is tk© slsetfoiaic work fnuetioii of the filmumi sia?" 
fac«| X ' s the first ioalJiatloB. pstaitia*' tli# steias^ ©f tli# 
lieaS| k is the Boltssaaii eciastasti f|. is 'J aMolMe tmpsm" 
tsre of ttie fl3,iia.iiit| sM il i» a Hesacsi 
( 2 1 )  
rr* 1 
flit deri¥atiea ef tliii stfiistiea fifgit statistissl aeelma-
ics li3 ilaenssM 'by Cw*. lef and Piiipps C2%)# Slie esastaat If 
in tliis ieri¥®tiori5 is tlie ratio of the statistics! wsigiit 
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sf tti#. gronmcl stats of tbs ion tea tJie of 
tti© atcsi ieuijiaticm# f " 'f-' ' " thig 
rati©|iis 1/2^^ te alternate c!,®ri¥aticis by B»ekey ( "I ylelcls 
tlie sail© «!f|itatlcsi ssmept tlist I is ssltj# fite rsasisi for 
this iSlffersase ia A ii Bot clear ami bMS not feaer 
iE tfes The tlTst leiiisatiss patemti&J. u:" p#tas» 
sliiis is k*32 ©¥«. file %rorlf ftmstlim ef ii ©lean pelyerystslliae 
twifittii ig (26)• If/sh® ".s of tlis si 
tistieal wtlgbts is ssiisMered, iiiid taiceii as i3is««lialfj the 
iosiast'&r. effieicBey st a ters-p^mtwre of 1200*1 wsali Ije 0*79^ 
If 1 is taleii as iiuitjr, tlie isiilsatioB efficicmei' is OSB^ 
flierefsre# la eaaet / cif tlie ¥33,ia€ of 4 is nseessirf 
•?. . ^ c r "f .'i' ieieaef is to bs e'llfitelatsci® 
It is iiiteiBsting t© note that tlie ioiiizatioB. ©ff3.ei&ii;ef 
ii o ' a ^ - tv . 't - fi3.:ri€?~ 
ticsi aM til® ieiiisatieii peteatlsl is greistsr than C%S 'e"?' when 
tbe fllaiaeBt t€®5peratM?8 ii 1200®S» ftjr potasiimm, tlie re« 
qiiiriii'worli ftuicticsa of tfe@ filiiis.€!nt r* ; fm C f.e!C <,<-
tioB, effietemf wmM hme to M at least w. fills lS| 
is ppictteej tasllj' 5j^ >*vsiijeii *itli a tuiigst'ssi surfsee tiaiiiig 
aa aisotljei Isirisr ef oxffea® faXiies of tlie ¥orfc ftiiictloB tm 
sueh gtiffaces lia¥® M«a i-epertM ss tiigfi as >6 m 125) s 
Biisdljif iipoii tiie fractioa. of tbs j ^ .:.xi 
with ©xfgioi* ' o"- "v ainee? tlie work fisicstion of tlie e'icf-
genated t«iigst«ii stirf&ee is well alio¥€ tli# iiiiiiMis of 
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tlMetrntimm ia tlit o^gmi of" tfas smrimm sfcioiiXi 
hme littls effect cm the iimiisstiea. sffieieiicjr for potts situs, 
tmlsfs til# filais^at tempeFaturiss wsi«i high esoiigti to itgorfe 
the msygmi aliasst ccsapletely# fMs woiiia mot b© tree for 
seiiiiaf wttli, I s 5#12 fo? tti& worl: ftMCtic® for 99$ iimi-
mtimi MstiM lis¥© to be 5»6^ w® f!i# t«cliiiiqi3s ef using ©3C|'-
genitttcl t'cagsteii .iiTfacs:#,^ is ietestoi^ f has Imm iiaeii ssteasive-
ly &i3l it is aefetmlijr bbsI^t to fiM twjfgtea siipfae#s of higli 
work faiietioS| Beeaiise of eoiitsiQlaatieiij tliau it is to 
ftalatalE is. sitoMiesllf el«aa siirfae#* 
If a ceataislaatei gurfaen is a stMy of tlie tarla-
tioii ef the eolleetor cm^mt with HlmmsiM tsiperatiir#! ^ 
keepiiftf tl20 ©ffssicm o¥@a aiid heaee tfee totam iu^ 
tensity, ecmitaiit| will teten?ilne the degree of coatasiiuaties 
of til® filsiaeiit surface^ Blnm tli® icsiisatiou ©fficieaer is 
tmitFf tli,e eolle«tor eurrmt riEiiaiii eonatsnt mitil 
tmmemfmm hmmms mttMiMiitlf 'liigli so that tli© cestaiaiaaiit 
"begins to e^apermte frm tli© iiirfae©.# flil.g principle mms useii 
ilk our e:2p#?iEieiit ia oMii? to iiitemine tha icmijatioii, sffi* 
cisiicy tie filaa^at* It wss ssfaned that tlis coastiiicj 
sf til'' «f-31cej:r>r eii?f«st i the filsissiit temperatii?© 'ifss 
farisd) iaiieateil that tbe IseMsnt Istam was fesiag cssspletiiif 
Ionised ana tliat thu %rm 'btmn iirbmslty was being messis'si* 
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Bessrtolioa of the 
fli® potagslnffi. hem iateasities were meainrei bf tlie 
ieteeto? suit ascl issoeiitted sleetrieal elrcmit slicstrii seh#« 
sat'lc-J.tf 1,1 sl^ 'rm %» ffi® ieteetox was lsi>C€itsd it *: 
fmcan® ehais-ijiir ia the pesitioa sceiipiti liy tli« iiilj&fcT-'4^. t4;V« 
duririg tli© filii naatf fhrte 1/S iiieli eeppsr rMsi 
istO' the factitaa eliasber tliromgli Eovar-ilass gmMed 
lervsi tsGtli to lieM tbe sjilt is. pogitios smS. te act- ss el©is» 
trieal leads# 
fhe filaiieat eoasistei of a tvo Imh length of tiiagstea 
flii1}02i, 04.%0 Imhm wide aM Cu0Q03 iaelisg thick, spet-
if«lc!ea te ©«026 iaeli disseter tsiigstea l,eais«. flie leads 
mte fmstmmdf as sIims in th« te two. points om om 
of tli# ccTna? roisj the tipper coimeetioii being tasiilatei 
frss. tti# red bj a fiiarti spatMTf 3^5- lac,li®s loii.g« fills ieaS 
WIS tJimt ia tke foai'of a !iai?pia spring to Icsep tlis filsnesi 
ia teimim tthm. the fllaiamt ms boated • l8#.ti;i3||. eiirreiit 
for tli#'filaiii.©at nag takes fros tlie lew f^sltage sMe Gf a 10 
Telt, 10 siap®r© traasferissr whose lapat was eentpollecl 1)j a 
Stipurlo? lieetrte Powsrstat* f,lie lis® iroitage for the 
"tat X5£r'5 r#gtilat»i Isy 11 Stiperiox lleet?3.C| S StaMiiii« 
Eegnlator# lpp?©ximatelf 2 sjaperes wm^ »i}tiirei to 
iifist tlie filaiisBt to 1000*S ascl % mipmes te 2000*1* 
fli,€ filaiseat teiipiiratiir© was iieasiirsd witli a I^ais aM 
lertlirup Kei^ l r'>"V'4;| sssappesriiag cpticai 
BS' 
COLLECTOR CURRCNT 
METER 
Olf  SATTERIES 
0« POWER SUPPLY FROM 
0 VOLT TRANSrORMKfl  
COPPER RODS 
45  TO 135 
VOLTS OUTLINE OF 
COPPER CYLINDER 
OUTLINE OF 
UPPER HALF 
FIL&MEMT 
SPSIMS 
or COLLECTOR 
OUTi.lMe OF C OLIJPATIMS 
'  SLIT 
iEAM AXIS 
^ • ' , , Bitgfam ©f the Bmtme lomisaties Sfj" 
tastm IMt 'Sstfi t© leasi3r« tite Fstassimx B@«ii 
lateagitf• 
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Tmt&9 Ic./' ns." til# filaiiest eu d" lie •flswea "by tmaisiiis-
sioa tliifoiagli a siaall opssiiig la the «©pp«.r cjrllnieri tnll&ntmi 
'by tyawiiisgioa tlii'siigli tti® taBipirest ¥seeiiii elisiils® '^mils. 
fl» teiglitaess ire^fi eeisifertscl to #.!?»• 
selate teiapitratiarei 'bj ii.sia,g tslsalated eoF?esti©sg fer elssa 
titiigst®, C2?)t ass®i#cl tliat Vmm wtmM id 
a eoataisisstM twigsten gsffac© alte. Ibsolut# liess^rsiifafts 
©f ttie teiaperatiires w^ m wimmsfsmrff hmwwuTf Bimm t*m 
ieaiittisa sffieianei- of tfi« fiiai8«33t wa& laiepaaiaat of tte» 
tespsfKitttr# is tlie raage I3i©d in these measurmmts* I© 
e©r.?ectloiis w®?© to the oasejyw&i raaiSsgs iii. allow-
mm of ttie sis«ll atteamatloa of the. brigbtaess bir the fae-
mm eliaafeer trslls# 
file colleeter was falsrieateii frois a itaisless stasl 
l>©rf©mtts §*met» M sbena iia tfee mrngrm.^ it was Had® la 
•© mstimm so tliat the of the beaii fres tti« eellisa -
tiBf slit %:©• tlie filaiiemt %ias 13aofestr11ct9.1l,® fb.® c.oHeetor 
•oltag© limn suppliei }if m Kepe© CMsiel Sl5lf 
iipeet ©iirreati tefiilt . pe-wer sir^ fliis mait pyetiiei 
s fsgiilatM ¥oItagef tmMimmslj mMMhlts ffem O to 600 
arji. wiJi iA#.a tli© eolleetisr en?f#ii;t,-.e©ll«ietsr 
TOltage ekmrnetmistlm of the iatectof -wcfre 
aat.ell'} twe wqM iry featt^ries tier® saed, provMiag 1. 
rsagfs ef 0 to 90 fslts in st-epB csf 22.5 ¥©lts ili® 
the loB collector etif^ents wure iissgared with aa EGA 
llf*8%A !Etra"#eBsitit/8 BG KisfQsiiiFtele.r-#. fliis iiistTistsat is 
a Im- 4 opeBstei faei2i2iii«ti3 i^i iiie?ogsifiete3f| isilgacc 
s^asiir® emrraiti in the lO**^ to 10*^ itiipere rasge# It is 
©qmippea nitli a range ,s©l«eter swltcli perislttiag full sesle 
reacliags ©f 0«G1 to 10()G aieyoamperes in six denade saages# 
flie irmttmmit w&s moiifiecl for *iiss in ttiis ezperisent by 
of tlie w&Ui'hlB js®ro-iJ.|tis%aimt resistor iiltli a. 
^090 ete HeXipot precision ¥»ris'|jle ?®siste»r| wtiieli prcvMed 
a fiaer s#re eoritrol|, aai Puplaeefieiat of tli® meter 
Iiltli tlie Imtrmimt with tw© teiiilEalSj wkteh tlie 
tise of exteraal Two exfeefml ®©te?s ware usM sites-
'iiieii th© ets»ent %fas feelew 0»3 of fmli scale, a 
W&B'tm llsotrieal Imtsmmat Cmrpmm^ Model ^31 iEieroaii®#t«| 
whieli hai a fa71 ?.ciile ieflnetieii of ^0 fiisrossrpsres and a 
Ismt aemt of -.dereasiperesii was llieii the em'rmt 
was sbme 0»3 fall smile^ a Wejtsa Ilectrieal lasti'masiit C«a* 
peay / 1 M;©t-oyj wM»cli lias s fall icai« Ssfleetioii ef 
IfO mXemmmems aafi a least cmmt of ©ae mle»saBp€r€| was 
iie^e Betfe ©f tlies® iseters w#re mirrey-liselcei* 
fii® iastriMesti witti 'the sxttmsl iiettrs., s mllhmte^ is 
til© two higii<?it Tsngm witli m lay tel) Hnt&r gaiiliratot, KeS«l 
#1X04-10* fliis tJiiit "-*£C-»ii€)d s coristsst- emprent s'pmlfiM 
t© acieii^ate te 0J)3f 0«0f iiieroaiiiper-ns | tiMclie^e? li 
greatei". fhe ranges ware «slife?ate€ maas i^rlng the 
3f 
smrreiit ttmimgli a lOjOOO OISB ?©slstor cimnectei is series iritIa 
tb,® s#t©r, % iieasfirisf tli« voltage if©p esross tlie i-esisto? 
witli. a peteiitioiieter* 
©ss slit was asM to eollliiate tti.@ p©tas.,„: -i fapor is 
tfee aetsetey niiis» It vm ia tli© eopp©? eyllMs? is, 
tb# saia« positioa ttiS first slit as«i ia tb@ filii i?ms* 
fti.© slit v&s prmiMe^ with s slistter se that tli@ I?#®® mnM. 
fes iat#?ruipted iiai zero mm3:t&g§ of tlie tetectsr taken. 
flie filamesfc ¥ss tQalatalasd. at gmimS. p9t®iitlal« ftie 
e©pper efitadfjT was plaeei at a potential o-f afeomt "toltu 
abef© tha filjiistat t© isiti?®! etssplets- eolleetion of tlia ioiss 
Isf tlie eolleetoy. 
3  ^
T T ,  " ' • : ' 3' t 
IcitMiti©!! 18 giv&s the Im. mllmtoT ctifreat, as a fiime-
.<»! .1 .1, J-.' •> ' ». ^ 'Of tli© ticitec'tejf 
filssssti for the partlsulsr cnge ©f mltom isteiisitj o¥er 
.'O cr^# fise tjoiitioa ef tlie ieteeto? was ciif-
fereiit for the SlifeTmt fieteetsj? rimsj km@feTf mid this rt-
ssltcii ia iifr«rent eolleetor esfreiatf enlBg t© ttie tepijsfieae# 
of tlie liitaasitisg en geometrleal faetcsrs* It was iiseesissrfg 
l^ liereforei to an expregilon far tlie spaMal dspeaieaee 
r-*" •"*'€ -lit. i' ^ that tise results of the Tims eouM 
fee i2i?B]siilis#d ts 11 ccii3i!s®s geosatfif^ Fii3?tlisi?®©re, llie spatial 
{i€p8i«l«iiee wan i»©€«ii ia orieif to ealcslatej, Tos- 'Z'''::lti"-( y 
positicaas cf the siabstyate, the rate st viilth tin 
vns eosicmssfi diifiiig the foj?iss,tiDn of tlie tfciiii filiis, flie 
ieri'^ aticm i» glfeii in tPHS®Il i« Iftiation iii5 ir !•< 'IIX 
4 fi¥©s tli€ Mail iiitiiiisitjr at & iistsaes t frcss tli© ©rifles 
when the ,< \--r li .. is locatsd at a distaeee 
' ^ frmi tlis mliMe* fliis be i limstty is 
Both f aiii are distaiii}#® alesf the Mm. aacls* ffee c|tisiiti-
t i e #  - t ,  s f i i  c f  I  •  "  .  "  .  P a r t  £ 5  r r ' ^  /  
sp#etif«I|'| tlifi ecslliictor mxftmxtf elssti'ciaie cslsarg«| sM 
loiiisatlen effieieacjt fli# qiiaiititi' is tli© prvixiet of tli# 
r-:. "^v coilisatiag slit and the iiiMtli of ^tfe# fila3aea*l| 
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that i.Sf Sg is tim anm ©f thm filaimt sxp©s®4 t© tfeie Msii 
if tbe tPi|#ctorief of tlis iioleules of the bean were paimll®! 
to tlie feua® aasls* Flmtllyi tlie i|iiasti% 1 is the iistaace^ 
sicsjg tlie l>eas» ii3ciS| l3iiti#esii tlie filasest surface aiici ths 
fjlsiis sf ttie slit. 
She caletilatiai in IFPEISJIX 1 sliowBi thst^ for t!ie g$« 
'iisei In osy sjcpiiriiieat, tlie iiiteasity of tli,e Ijsaii was 
n,.l" mlfoBs. wsr tlis total mrm sf the fllaamt to 
fills iaek of 'myitsmitj gmm to the fmtoi 
iX • ) ill iQisatioa 2S sM arises hmmsm tli© esifiee wa# 
B©% 6 point scaree. fli© effect is iiiailar %q the i^mbra-
effect is. optiss#' 
fli© pBTmrnters ^ sM 3 mm meaiii?®d and 
f ffas ehosaa as oae esatiiist#'?# W&m t am sa ss mm e©a-
ti»t©;e the rtsmltaBt l>eisii tntmmltf nas cteaotei 
Sqiint f ifi MMWMMX A shows that f = I f | s gmstitF 
whieli iepeais ©11I7 ©a tti# ekaraetayistiei of tlie effmlm 
6f«a sag OB tfe# |i?©'p@rties of ttii Maii. = 12*1 is iais~-
psaisiit of tlie imte^toS' &M silt fti« first step 
3.ri tli® ©f wai tlie m&stismM-^ or aM 
# S#fo?® t!i#' wea iias iiisert«4 is the ©ireB t.sstm'blj tiiM 
•i 
Csea figayii 2)| tlm iijtanss hBtMeim the filami^ iit stiyfa.c«B sM 
a fixei refereae^ polat aleag tlia Issaiifi axis was iiintstirefife 
fliis mm leeatei approsliiitsli' st tim ©pea 
mA of Urn m'm msmblf tube* IB sri-er ts imsBum this ilS" 
taac©, a poiiitM eeppsf r&i| slaaie? staimgli at ©uis eat to 
pass tln^oufli tke /.Cj':, ms liisertti geifii tlis m€m 
assembly tiibe until it toiieliei tlie filssieiit® fli$ rei m.s 
th&i stTiJbM at til® fijcecl rtfereae# peint which was sisost tli© 
tliislmeis o.f a stml fiil« otil th© ©M of the ©¥«is ass-trn'slF 
tulie, fhm contact 'bet¥S«a tlie roi sBi tti© fiismeat was i®« 
teetei eoimeetiiig an otiiiaeter 'iMifMmii tli© filaseiit Istii 
tad the eoppe? roi« ftis distanc® trm. th'? 3 point 
te tlie gilt «ss ffi©aii3.?ed liy a niiiilsy proceters# flie 
eac# tbefe two iistssessi as stasar i^S ©ii tke peiatei 
espprir r i^j was B» hi oris? to eofspmte it i#as seeesiari'i 
ta adiiticsBi to measur# the ilstaaee from tlie mm erifie.e 
t© ttie mfBTemtB poii;t« Before tlie fil&iieat and slits t#er© 
plse«c3. la the ^aemiii ehaiofeer, tls©ir wiitlas war® msasnrei 'Isy 
a &.eFts#3? iiier-oi t, c* laace ims datarslasd# 
fhe ev©a was loaiei fey tlis tsebaiiiiie iSeseribei ia SSSIOI 
III Part B and tlie sjrgttii pi2irp#4 aoim* Ip|)r©xiiisit€l3r IfO 
isiaiitei v©re " ilrecl to rsseh a pressiii*'# i';et'?eeia, 10'^  asi 
10mi of H,c« Ulies tfe# pp^tsafe iims betwesn JXr^ aai ID'*'"' 
nil ©f If C'Sp;-;:»xiiistsl^  8 to 10 hmm l.it-yjf*'^  tlie 
was turaei ©n. sM the siie ttiMs ire?® fillfid mXth littiM ai-
t^ogaa* Tm prasssfe alwa^f iiierssseS CW a® lomch as a 
,faeti5T Gf lin) when tl ;• tieator was liat deereasnA 
te Iti foJsier values ©r to a loi#sr Taltssj tlis time the 
ittscto? yeailiifs sme takaa® flie eiiirest is t!ie o^eii beater 
Mas sst so tlsat tb.t rst® of rise was atiomt 
|5#? it®, snd tliis a?ate wiis isaintaiaM antil tli.® teispsm-
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tere lias appresiisateiy 205*» Tm lisatei? rmrmnt wm tfaes 
to a, setting l^iicli vss j'l-st aieqiiat# to isaialalB 
,. til,© mmn irr. at uhmt wmMmm. 
teiiperatiire of 205®e liai '^ ees attsirieij there alsfsfi a 
daflalts iepoflt of petassiisB c»i tli© eopper sliieM mS. m tlis 
«pos«rl pfmx side Iraligf* fliis eeatiiig liai a tifigli» ' 
li it f'stsias^. -for leverai liotars^ e%'«i after the 
ovea hM cGolei. ::u ncit lie3;rig r". I . witti 
f . pets s ilsii., 
lli#a the m&n liad Icrteled sff st alJout 175®6$ 
d#teeter readings wf© li©fiin» flie filaiBest ws slmlj hsatecl 
trs tfee pi?oy3T tmipsmture range Csli0¥# 1300®I)| £Ji;1 r; 
%#as «2-:"jXier> to tfe® ec»lleet0?« {Tim J- ssiir© iifmlXjr 
fose slfflitl'jr t:S so-im ag the filaiaerit had ?©gcli®<i iaeaaclfii'^  
'Itst it ii!i3,eil®tely inersssed sgaia®) l?©ii tfee 
ihiitttfr miB closeci -'''f.-re Mas a Imekgyotiai 
ifteieh gust iiafs Maa «atis©i l>:f petassinsft Taper wMela feaehei 
thr- fil; '*1* >rr feelew tlis e©p.pe? ei^ lisisr# la«ti 
etaryeat mmms'mmMBM ttos 4sfol¥M 'tss f#aii»,gss th® Mck-
grotiiiil etiW€xit| takes when tiie slai.tt.gr wag closeif asi 
til© tetal emrreati takes '...iSii tlie sfemtter was opts® 
flie etiffest iiseS iii the eslstilatios sf tfes beats iuteiisltisg 
was J 
% = Ilo - %« • «23> 
¥s,j fifst issiiswecl an a faac-
t-iea sf the i . 1, %l to tiic^ eolleato?, is oriey 
ts male® sertsiii tiiat gpass cliarg© was B©t liaitiiig the gmr« 
r#at« A imltalsie foltai® wis tlisn ekoseiis aM 
ttiis firittim 0f I| with the filament tmrmTsMrmf wss 
stiiiisS iB oT&.eT to iatersilii© the ieMs-rrfciss, effieieaey ©,f 
•tilt filament swfseet Fiaallfi witfe aiia f|. !i®M eeastant^ 
the ©*011 eU:y?@at %iai iilterM slofilf ia to obtmia 
tb© ^sristieii of tlie bsas iiittiaifity with mtmi taaperatsr®# 
fli« tea ^eatiafs rmmlmd-fm a siagl« ietsraiiiatisii of 
wmTB tftk©n in tilt- i&llmtlmg ©Men 
1 ¥91 tag# of tlie cop|?9f ejliacl©?! 
2 TOltas® of the Ion eollectoj, 
3 sey© ©f th# ioa sollteter iietef | 
% OTSii theirraocoiipl© IMF, f^f 
5 tia©} 
X X/li. 
f lm€kgf'mm£ mllmtm mrmnt^^ i^nsf 
5 eolieetor mirrsiit tbe shatter epmj 
%9fl® 
f till# I 
10 262*0 ©*r t.tis iCJB. ecsll#etor set.®?* 
IsMiagi ft 8, f whp® tskei searlr simultaEeomsli'* fMs 
Mas alsQ tfu# of r#s.€iEfS aM fteacliaga I aiid 2 w#» 
esiittel ia isost setnesseg aftur optimm fallies bad been fcstnii* 
•^1 
Tm siibseript s sigEifies that tlis to 'tm een-
taplefi t© true wmliiasj % iseans of eitliei' eoTtmtlm faetofs 
oi® ealibratioii tsfelts "befere " ? t "fet lassS IB, aiif <isl* 
eiilstleas t 
fh© i^ teetor smiis d©sigsataci I- aad ws^r© 
earrieS out 'm&mf 'tieniaplj Meal eoiiiitioas | and tbs 
rtsslts ¥sr@ lased in the e3lcii3.atioa ef tti,# b#ss iatmsityi 
ai a fimctieii of tlie-o¥@.s teirperatare# fh© mtgiml iats 
of tfa#sa IISBS Is gifea iii iPHSIIBlX B« 
Sm K-2f Jro" F-TS S"„> l.i tlirte %?s:fs* fiifst, 
t'ae sicl© ttifce flire©t.ly to tli€ left CloekiBg fyois, tli@ o¥€ i^i ia 
the iSTrntlmi of the Iseatt) ef %•«> eoppey tjlirii©? MA not 
% 
teeii iaeorp©rat«i isits the meiaiii aystes • fhis moiifieatioa 
lias sot -,a« laitll mi K-31* A'i a rt-smlt,.. tlie tisefegxeffiii 
stiyreats for nin I'rpt high ©iflag to the sxesssiwe iia,o«at 
of i-atrappsi. potasslma •spot is, tbs ffci® effeeti*##-
aesi of the si«l© feili# ia trappiiag th# ®i»esi5ual®® potasslias 
i^ipar caa b© appMsiat^S Isf eoiipa?«««« of tli« Mekgrsmii ©mif-
rests foT Tm IC-29 witk tliose fo? rr-r 1-31, § is. l-2f tlis'f ¥ere 
^ ^ 
aljcnit I X 10* mperm^ iistl is tIi«F wure alS'eiit 1 x 10 
.sjupefes* Si® ieesB^ iifferimee bet¥#ss i^is I«2f mad imi 
1*^2 sad 1-3^1 *i» ia tliu eslleeter ssM to attraet mnd 
ItMM tb© petagsliM ionif# fhe celleetsr ftmetiiyei sliom is . 
fliis sifie Wim wm iieatieal to tlae on® shuwa ia 
flguj?# ft® 
%2 
Figiis^e C J / /"a. '> • ' III:| Part B) wii.® sot iasorpor-
a,t©i ifit© -tlie sjfstcsa imtil rm 1-32* For Ptiia l-2fs tlis 
mllMS'ter was aiinpli' tlie eepper sylliid& (liiiMiag tti6 shsttei^  
ms4 fi^ st silt) showt in Figiirs 2| liit| foi* rmm sisi 
S-3%-, tlie mllmtoT was ti» tw© s@etiMi, stsial@ss*ste@l| 
psffeifsted l©eisit©i| iiisM# tti® ^cipps? c/llm&i? Cses 
Is. rim I»»29i «itli sepper eflisi.sr as a eell©eto?-| 
tke Mekgmmid mirmnt nis ispeiiSimJj both mon Urn filsioeat 
ttaaperatiare sail wpm iAm ligtit iatessitF in tlis laboratory# 
flilg variation i£ h&ckgmmi€ mwrmM was probsbljr eatisei by 
tie el^ slcm of pkatoelc" tt ^ ".a fr&ii ttie ImiiiT surf see of tiia 
eyliaier^ fht mdiatioa proiiielug theg® phot©©leetrfms coiiM 
csrigiaat# ©Ithi??' fres tli« filament ttm BTfXmn&mm ligiit 
sotaf'csi is tlie lifeo?at©fy# ffe# i«5ti¥i areas of tlie lm,m 
sttrfaes weslii iiiiaeiil3t«Sij b© tfeosu parts of tlie tiirfae® iip©ii 
pstassitiis litfl ciciiiisss'ed aM 30 pp©dii.«6i msimm of loir 
wort fniietiea# fkis c!iff:lsmlt|" has l>e« eiieoiiiterei 'hf 
nt'rC2%)» llliea tli.e fU.smikt teiipsmtmr# was 'iMilcnf i5GO*i:5 
tIae Mckgrotinfl eiay?©sits wgi'e =1 Irjfiepsiidmt of tlie fils-
iiest t©iipsr-atii»i fet, a'feoT€ tfeis tesBpsfatiire} tli®y iacsresfiei 
mpMlf* Si absf® l^ Q^Sj ttief soeii. tlssst masked tlie 
eliaaga la ioa collector etir^eat caasei by opsiiiiig ttie slmttiii'® 
Ffjjf mm&&^ in ran. l«-2f | reaiiagi ¥ers taken snlf 'iiheii 
til® filaiiimt ' iratiire mw hmlm 150081:, 
file tklTd wBj is whieli fiai 1-29 differed from rtiiis I-»32 
aiii 1-3% was ia tfcie sstai? msecl to mmBtxrtt tlie ios fsellsetef 
ci3.preB.ts • fhis wmtew was i3iis>oilfi«d slieii timi is ms. I 
fills isogificatlDiis, Sssc".;/. 1' > f.*." III (Pus^t 1} war© mt 
wmi@ mMl reii 1-31* leaee tlie usi^ siifisisiiti fo^r «ms S-32 
ani II©T« profcably Mmmft&t mora pyeeis®# Mso tlis 
-mt& was iiaeslibyatdS in run I-2f asi tl» imeertaiatf ia tk© 
uhmlMtB wmhrns wms prstebl? grsate?« 
flie pressure isi tlie wammR systm wss helm ^ z ma 
of Hi In tlie mss rmmtM liere# fhe sfstm. ym kept at lew 
pTSiStsrc'; siM the fllaiseiit was laaiEtaiiiacI at abemt I200®K 
liiejs syst® was not Is msg» If the oten liad no potsssiw 
clis'ffei it was tlis k®pt at teuipgratiites Calsomt 1^0»C) 
dsx'iag tlies© periois* fliif rr^,f!tiee B.is,r!cefll5r x-Mmsea tli® 
tiiie ef tlie 
iiii. 
f ,  IK ? i i :  ' f  • r  • :  
1* C©lle«5f:cir ettprtnt as a fiiiietioii of Cellector i^ tsstltl 
figiir® 5 sti0ws tlse itpeiiaeaeii sf eolleetcr mrTmsM m 
m'llmtBT pateiitlal fisr rim 1-32« tesipeyatts'^t 
mm I30SI, t&e cyten teraperatiirs was aM tiis eojsper 
nas 135' -folts gmwrni potential t l%f flat 
".rf;l©a ©f tb# cB,r'#© siiws. tl:i« ifgitsmteri eollCfetoF etiry«at 
•tftios© MBgnltiail® was ietsBalaei sals' bjr tli© petessiw bsam ia-
teasityf flie ia emrreat iil»«n ccileetor poteatial 
was stefe -16 ¥olts was preswaafelf fiv) tc ©larg# 
hf the potassiwa Ions* Sis ii@p©iiil,ea€e ef:tlie colleeter etir-
»iit ©n eolleetcj srstifil 'was aot stedieii is as gi'©at detail 
for eitlier mm I«-2f OF foy rim 1-3^? tmt it iras foaiicl that 
tlie emr»nt,. in ssife e# ttisse ruai als.©, wts isiepaaiertt of 
the cQlleeter potsatial for pstsntials below abeiat "-SO to?*/-? 
B,» Celleetor Ci2?r©iit as a Fsaetlea. of filameat fmperatiii?'© 
figure 6 shews tlia icpeMeace <3f tlie .sst«?at®cl eolleetor 
eiirreiit cm th# filaiitat teaaperature for each of tlie tli?ee 
rims I-29t aM Slse tmsperatesi ai^ e only api^ fox* 
siB,ee as- eop^ctisn was appli#i te the msMisigs of tk# 
sptieal .pyraaetsr far reflfietion or , arptiss bj tli® meimii 
Gh§MbejT -mils*, fm t"' -v-^ratiires 'bulaw IkOG^M the mrmmt 
was m klsllj iaiepmdimt of the filaseiit tssiperttar##- is 
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If7 
stated Css€fl01 111)^  tills im% mm is1:erprete3 as 
©TMence .* t o; the pci'tansiiiia atcsss ©fspoj^ atisg frus tiie 
filiiii#ii.t vere i - . .* c tf| tiie imisitioa c#IT;i-
giessf Hit 100 ps&r esst* Cfeiljr tfa® ecrreats jumsnrnd. in tiiig 
teiEpeyisfers Ffigioii 'b«slc»f IkOO^ K tmm msd is tli« esleiilaties 
©f 'beasi intenslttes# 
0* Solleetor CSarrent as a Biaetloa of Ofea fmmmratwe 
Mtm optiiisii valtiei of tli© eslleetof pottntisl tBS, 
filssent teiapsmtiire lia<3 Issts foimtSi the of tlse 
satmrated c5Gll©etor mwmnt on f'^ e c-r^ -smre waa studiei^  
fal>le 1 iliows tlia ffiilatios of the inn eolXcietor ettW'est Cia 
mic?oati,ptr«s) t wltli th-:' over4 tempsratii'i'© (ia a^gmes Selfla). 
fke. isTsa tk©iiftoeeia.ple raadings wtrs ecaytyted to degrees 
Xsliiii witli the aid of piAlisliecS (28) eostersioii taMss aM 
tufclei ii|r tli© of the ttie?iasccjiiple 
! Ix-e®. flie eeiBplete original iatm is tafeuiatei is iPfSIIBIl 
B, ttm eeMesp»liiif bsaii iatensitfj Ji, ealemlffiteci witb, the 
©f liiiatioa 221 is also gi¥en is fsM© 1* flie 
di-itiiaees 1^  asfi Bt flail tli.e area ays t€i.lc#ri f7,3. .  ^t' 
B* In tls#s« ealer-isriisas it wm mmmm€ tbat tts® ionisaties 
sffleimcf  ^ s 1« 
B# fhe f»pQt smA lest of SmMiiiatioa of Pstssiii® 
Ofw iisiitecl tsipefiitiire magetj ttie ¥ap#r 'pf9siiiir«is | 
Pi of iioit materlsls can M txpressti C^ 9) the ©cuiatioB. 
Ii8 
flll5l« 1 
•fliriati©® of tilt Xoii Selleuter Serif sat | } 
ti". U '  ^ U" * "i 1*11 
•. r/' ;,v:.i ' , • <'jv /'i.-  ^
io# m 
'© 
I»2f 
C i K " iC/ 
%38»f 
l.|-f2«§ 
V>?»0 
1A8.2 
%f0«2 
l45l»2 
if52*5 
%53*5 
m5*0 
hms 
\ 
C yCL siif)sr#s I 
i.\2 ?3 
o.rv'i 
C-
o»?'33 
0.219 
0*229 
0.235 
o«,g%5 
0..25g 
e»256 
C##2iS8 
0.271 
©•2'K> 
tl*281 
O^ gSS 
0.28f 
CI§^  fitoiis per 
eif '  jmt sm) 
''i ' it 
c!  ^
l.f'U 
1*65 
1«;'4 
1*S2 
i.a? 
X#f3 
r.fi 
2*07 
2^ 1.% 
§.1? 
2*22 
2*25 
2,2i 
2 *3# 
2.38 
2A3 
2A7 
2»S 
«SaS-
leg F « I « I i?X} 
nil#?® i aiM B are eesntaiits, siii 1! is the absolmts tuiipes'ataM# 
flis eeastast B i# giireii l3f| 
S « leg ci| ( 2 $ )  
where e is tfef t^ ase sf tlie fepieriaa iogafltlnuij is tii# 
tiiiif@?sal ffsf ecssstsat, and is 'tlie iieat of iaMlsiaticsa 
0f the BS/teflal* 
. Slue© the Ijy&portioriiil to the -prmsnm 
af the pstassliis fspor in th# effn.sioa oven Ctliis can b« seen 
f?eii BtMatisM 113 11^  ef IPF81BI3C 4}, Scpatioa 2% Isdl-
estes tliat lofi  ^ skmlA fee s liseii? tnmtim of 
f'lie legaritlm of eilealatefi frcs tlie 4sta la fmfelt Ij 
•I is shewi. ia Figwe ? as a immtim of straight 
lis® •aptWB, throti-gh tli.e peisis is fi,pi.r9 7 %ims o'staiaM fef a 
siaple "least' gqasres* fit in #fiefe poist 
was gi¥#a mqu&l weiglit« feoia ttiis straight line tlie il«peM« 
enes of tlm '^ ©a® iistmisitx esi tlie mm tmm&stme is gi¥©ii. 
lif the ecui-atios 
leg = 26. ' J - l©ii , 126) 
<^1 is iii stosg/ea"^  sseeafij aM it in Mgwma laljfia* 
Siri-eo iii piMJpert O:,. V 
Itmatloa 26 mf b« wfittsa 
n # s to tlie ¥ai5or fmsmtrnf F> 
log P « emst# - C2'6iil 
§wmi 
225 
c®K r* 
fx 
Ccspartsda of Eqrmtim i2im } iiltli Iciaatioas 2%' sa4 25 gifiis 
tts@ litiat of mAlimmtim 
fi 
~ C^ 4.606 ic 10^ ) 5 
ss kilocslorles/k©!©# 
at a of about kSO^ lm Brei##r (3^ ) lis# giwsa tlis 
lieat 8f suMi. .;Moii of potassins! at 298*1?^  ^ Ist 21 Af + 
0,1 l£iloesl©.ri€s/sol€« If tliis value it ©oavfjrtecl t© 
fey sppljfiiig the apprcrpritte ssmll gpeeifie he.^ .t (31 
Brewer^  s ftsiilt is 21*Vl IcllocalefiesAjol.: ./.t flis 
agmmwimt »ltli our WBlim ef 21^ 1 l£ii©ciii1.ori©s^ aol# ig ¥eli 
wittiia omr e>:p«rimeatal error# 
1« Ir in Beam Inteasity Meas'tiremsats 
the most smrims single aae^ rtaiiity is tie a#tersilaatism 
sf J*2 m.mTTB& Iri; the lieftiSfeimiit of tlie distaae©! E^ | frsia 
tils &ffm ©rifiee to tbe filsiiieat suTt&m* fliis error %ras 
estduatM to fes &b hltgh -i' "^'*5 t',r is a tot&l distanee 11^  = 
€»8G, or s#arlF Tliis uiieertaititj wss fmtheT liiereaseci 
tbe pessiMllty tliat the filsiierit miglit list® shifted its 
pojltio'i " 1" to iiicaiiSesesneii® fo eiieek this 
psssiMlttji tke cross-hsirs of a t#I@seope w#re foeiis@i ea 
an edje of th® filaiflent iflisn ttie filjffimt was at ?©« tempera-
tti?®! aii€ tfet position of tMs edge was eti,«lt#ii at -wmlmm 
» If© ftiift 'wss fhls t«ss.t iiiciicstei 
that aaf ckaii,ge iii pssitieri ffas less tbaa 0«03 «• 
52 
ilsee tlie fiistiiaea, 11^  wss Isr sieasiai'iiig ttit 
l5©ti#e«i tif^ o seflfeed lines Ciisuijssed in Si^ CflOI 
it eoiiJJ l)s fieasmred pelatiirelj? pfeeisnly -with a t?i¥eliiig 
file?of@©p©« Iweir©?! a poj^ iMe eliift of poslticni of th# 
filsiiaat iftieii it i#ts li.©stsi ifstild slge sffest i. If tliis 
sMft we?# as great ai 0»03 sa, tlm ©rfor lii B nmslfi hts two 
p©? cent 111 rm. I-29| Citlien B %i8s omlj mJf lai 1»5 I«i' 
e«iit fo? ftms 1«32 asi- S-3^ * ??«a tties© est,iisa.t«s5 the tstml 
'iiaeertaistF lii the quantity Sq""C1 - eoa'li M takes iis 
iiigli as fit# per ceat# 
Measwiai«ats of tte widtlis of tlit eolliiaiatliig slit aaiS, 
tli:S filtmeat w®i'- rjt!^  a travel Ip; , <1 isrescjepe a,M the 
errofs in these wmmnrmmntg wem t.o be less thm 
<>^ 5f f€jr eest» l@ace th© meertatrnt-y la the area, 3^  vss l©ss 
tfasii 0,5 pe-s® cimt^  If tb& nomml to the filMmmt aarftea 
wers n»>'s parallel to the Issas aaciJi the area, takea as tlie 
prod.vet of tti,e filr.; C'rit and slit vjvj.t 
iiff&T freii tlie true sfesj ig# fli© wMtb of the fiismtut, 
hoirefey, ai seta froii tiie 9¥€B ©rifie© tloag tli« beas sxls^  
weiiM ¥s?j ©iilj as tli© msiiw of tlie sagle lietwem tlie a©fimi 
t© th# filtiiieiit aai tfe® liesii azls^ iias# tfes emim tg 
grsate? tlaaa iCft miglm le .j V^ iz. fl?« ieg.?«es, {4iii 
iiaee defiatlsM ss gfmt ai fi¥e Ssgrees eouM liii¥e )mm 
d®t€etei| tliis is a-sglifiM,## 
tlis ealibrati«i» ©f th© icai eurrsnt aeter liiiieatM that 
ie¥iaticms fefsa lliitarlti' were aMays less .ttiaii eiie fisr 
s 
If this error is. the memsmsmimX of I.3 1-j ev 
witli tlis poisiM® efTOFs in tlie fenantrieca. faetoi?s 
iisd tis# total tiseertaiiity iii eotiM l>e us liigfe an s«¥<!ii 
per flii® figure !$• tm liigfe since it Is felt 
that thMse estiisstfis of t!ie €2^ 01*0 arii sssewli&t eoiis©r¥ati¥e# 
It will 1?e aetei irm  ^ tlie taMilatisas ;li: :inTi B5 tliat 
tlie teekgroMj'3 tst| ssnetiiwji! eseeeisi. 25 per eeat 
©f the hmm cuTTaiit, 1^ * fills large teckgreiiui esr?€mt siglit 
appear te inslieat© gtiriiif the esMessatioa of tlie tliiii 
films I tti« liaeellifgatM mp^ r ¥oiili eoadease oa tli# sufestmt® 
tube in. as m.ovMt emsmmhls to tbiit tMs flire&t hem* 
This is TlP". tmSf baw&m^f stncs the airea ©f fila-
iiefit eT">osea the nscolliiaatei Tapor wns ajiisti larger tliaa 
tli® oTiotie*'' to tii© iir«et liemm# fli® total area of tli# 
9' fllaaeat was a'bimt ©a© cs'* 'utiils tbe srm sxpmsd to tlie i.i» 
o 
r«et beam was eiilf' 0^ Q2f m 4 Imri; if tlit ratio of th© Mek-
rarzMxit to tfee ion et3,»eii.t is as gyeat as '1%.:^ ! the 
ritio df the iftamlier ©f atems per eii'^  strikiMg tke filaia«at 
fsoiH tls© laieolliiaa'Ifsi, vapor to the ssiabef ;ocy cs"^  freiij t'lie 
dif«t Mm is »'•'%'* ?iartlieri3.ere|. is t;.: Til'  ^
fill the mrtsiem ia. the satistrata a3f«a were in eciiitset witlt 
li!|tii«S aitsc tmiss^  sEi tfe® siilist; was proteetiid 
tf tlm eepper plate wliicih esiitaiEei tlie secotia silt# CM the 
-s-r-PTi is this aeteetor rfsssj flie eellteto? irfs? li" 
fiitb any s !\v " 9 * . 5 "s - t 5 off 
as. y*T 
railstioii frma the filsseatj iioiiM aot retain lii a seMeasM 
state tti© potassirT -ilrlcfe I "S-" •: OB its rerftae® eeiis®-
qseatly, ia tfes ittecstop rmsi sosi© ©f tfee potassisiia mpsi? 
Mas p?olial>lf I'l t:. eelleetor-filsiient arsii aM 
estiW coBtfilmte to tli® Mefegrosisi mrrsnt* Mming idae fllii 
ri*ii.S| lie (3e«0«lt was "fiai'ble ©i  ^ Bnhstrnts tube in any area 
0tli« tliEB Mreetlj expos@i to tke l;>eaii| aai imiie© tlie 
iiafastesi a^por was trappetl laore effieiastly# It tims apptars 
that ttie hmkgrmml mri'mt iii sot proSu-c© a gigaifleant 
error In tbe fiia iseasmreiieiits# 
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Am Ffoeefima?# 
Tm initlsl pmmdmm for the rims ia wliieli films wme 
mMmmmi was gimilar to that TOT the <ieteet©r rtaas#. fti# smfe-
strits tube was iseeypefat®^  iatc the 'wmmm sfstm as shows 
is ?ignr« 2« file distaiMSt fros th© «wes ©?lfie« t© th© smii-
strat© surface was mtusiiifeSi tiie efea was iQUflefi witli s 
ssmple of p'stsssim  ^ ana tlie systep. was waei » 
step is tlie proeeSiix't; -iias earriei omt is >">.o saii® EaiiiM?f as 
its eoiret#rpart i?i the aetseter runs in to lagu,?© tfee 
¥allilitf of the bea® lateiisity ealibratloa'* 4s soon iis tls« 
pressure in tke system hi¥i 'hmm rein-ced. ts a fmlne "feeivmea 
lO"^  and 10'"*^  ^ sfi of Mgf a siisll iieater was plaeec! issiie tlie 
salJstrats te^ © and tfes tiilse hmtM to 2fG®e ia orier to otitgas 
the smfestrat® area aai so prmMs m eleaa ssrfae# for €m» 
iemution ef the films® fliis lieatS.iig was rtstrietsi to tliie 
stiljglrate sret| tli# teup^ ratur# Qf tba tmfce ca iip f?«ia 
til® gefestrste ai?as %f'as «ly i©®C> the smm j^re hsfl beta 
fiarttief sMiiceti t© a fmlae l3«t¥e«ii 10**^  sal 10**^  w. ©f Hf 
(3$ to kO bo&s late?), the sMm tifms. were filleiS witli liijiiii 
ai.tr0g#ii aM tli« mm liester eiirr®t f.@t t© mite Vm &we& 
tmp@mtmT& at a ?a.t« of abeiat 2«I«C per flsis Tat# 
i#as iialatslBe^  mtil tia® G?«B. temp era tu?© hsd reacfe -
fim ofen tieater ctirreat thm rm t^ t© iisiatala a cscmstaiit 
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t8B|i©ratitre of absat 170C* Ippreslmitelj 90 tftet 
til# mTTm:% was »set| tfe® oTeii temp^ rattsy® liai le¥©l©i ©ff 
te a eosstaiit vitiiie# ffee siifeitrste fcitat«r ¥a» tlaeii nseweilj 
tlie ssljitiMte aliweci t-o socil to 'vi 100*0., and tfe.@ sili'-
stmts filled witli liipia liitrcjgea* 1© iefiaitt i'«€»jis# 
ia til# presssss wai ©bsertei dutiag tiaii last spsratiens wlileli 
inlieiitei that tlie eoMsnialilt a^pefSi wliiefa vmsM affect the 
ionisstiim gstiff? rsacllng^  were alfsafif eoaileiisea « ©itber 
the 3I'll; tiil>#ii or mi thM cjfiiijfls?# ifhesi tlie mhBtmfs 
tefcpepatiiff Ca!>©mt l,0O«I) iiai raschecl scplli'bf'tam, tlis sfaat-
ter was ©peaes3, is ord.©r to emMmm p-olassiiia tapof ora tli# 
sv:mtmt%» fhs electriesl Isads froii. the eoBitietifitjf p»l5es, 
tti« staMarS ?#sist©r| msi ttie sulmtrfite mm 
to the recoritr t so tfeat these 
'be emitiatjcmfly m&. yeeoifiieil er* s gtrip skart* fti# 
©yes the?ii.oeeiinle ¥oltsg€ wag meagnrsd eali- nfe'ry tea, mia«t«s 
witii tlie ImMeea pet«itic»ter • 
Is ttils si&nf filss ef iasressiag tbielcusii 
weife ©osii«ise«! la a aiagls naa^  at tbs sane fuljstriite teisfeyii-
ter#t aiaS ftss a potassiiam l?®AB sf tlse SSSES IstsnsitF^  Sines 
wrf ttela filjiis Cl«ss than aufstreinil *©?ii lilEtljr to ®3c* 
hitiit agglaie^ stieit ©ffests sM. pmpmtlm i#p«aS«fit upeii tli© 
ss!igtyat#j tli® pesistiilties of aaels filiis were not iieaswfi# 
fhe first itspf tli®r#f&r#| »i the esMmsaticsa ef a 
appre3diiat«l}r 150 aagttf©2is tMefe| after whicsfe thB fceas was 
5? 
iattmipted * i ttis sMitteri ami tli# mBlstmm of the fills 
wfig fsiasmred, aii a fiiiietiea af tise* It %fns fomi tli-" the 
rtgigtase© sf the fi2,ii itcreaied -iiltfe tiE© aiii slowli^  apprsscli-
t%a a e©ii£ -ft St. ' ttie resicrtanee of the ftm't 
fiM tmM rmelmiS tMn itn'fels ttit slmtter wiss opemd^  
s smoM fills was 3irp6sit«3 m tlie first, the simtter wm 
eloseflp and tlie registanca irsa iseastirucl ss a fiasetioa cf tiia© 
111 it bmmm mmtmtw TMs pmmiuTs mtu repeatM several 
tisssf eaels stage limremiMg -"It© l^ekasis of clepeslt "fey 
50 200 sagst»iiis^  iepesdliig oa this time Qf emmurs ©f tlis 
siitetMte te the beam# the eeiirst of tlies© isetsor®-
iteatsj it was twewMsarf te ehasgt the cm»sxit through tli# 
filiia in oMer to Icesp tlis WQlt&ge Isetweeia tht. eoiiaactl«:ltF 
pi'olies liigli mzi3^ h (i ":v| to i'lrli-ds© i ptpeeiitsge grro? 
ia tlie seass?#i2«iit of tli© WQltsgef "feat lew ©somgli to be witk-
la th© M&gt CIO m f^) of the reeeMsr* flie emrmtg tliyoiigli 
tli€^  saiaple ifarie'l U t^rm 2 x W te 1 s IC#" 
B» Ciilmlatim ©f Mmdstmms 
flie yesiitassns ef a series of fil®« prode.es€ 'bf this 
s^tliei tre slicwa la Sable 2# llies® <ista irere taken fTm& mn 
•SF-SO, tabslstsi im IFBSMEI C* flie tstiil tinis af espesarsi 
of tim snhstmte to t&e Mas is gifeii. ia tli# first eol-
iiiaaf /"t not iaelMe tti« tlia® depositlsm states| 
tot oiiXy tlie ttm itiriag -iitileli t'a#? sl»:tte? vm open® 
'fhe a©ii:i:i3.iil t| caleslattfi. f»ii tli© bean 
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fam® 2 
lesiitaaec ' ef Petassiiisi fil®.s as a fasetiea ©f fMcliisss-
7 I 
•ffciiekaess 
t 
laitial 
r#sl«tasc© 
»0 
fiitsl 
rtsistsiiee p 
feaetietal 
ehiifige 
X 
Cs€?e©ais) Casistrsiis} Celiiiil Cotni-s) 
7^ 0 
1020 
1330 
1%8 
210 
Z*Pi V ,c.o 
16.2 
3 •» /y 
QtSf 
0»3> 
O.CM 
1630 
1930 
253® 
334. 
39a 
521 
l,f9 
1«25 
l.y: 
0.03? 
c.osi 
3130 
3730 , 
•^330 
m% 
im 
892 
• 0,935 
0^?2k 
0,5B6 
o«m5 
o.,m 
0.57s 
C»022 
0*018 
OMlk  
52^ 0 
70^ 1-0 
lOSO 
1^ -50 
i6iio 
0*305 
0.259 
Cs^ SOt 
0#G11 
0,01c 
o.oos 
ail for tiae coii^ .sjis«3 potsssitas^  nacl tise tSasm 
of sspostire if in tlie gsseoiitl eolsisii® Cfli® ealeiiistiea 
of t is iifeiissscl ifi© refistiiiaet of tlie ftlsj 
ii@aiii?ed isiisiiiat©!!' aftef ttis ffenttsr was elsssi is shmm. 
ill til© tfelM eolmiij aai the itibls is giwa la 
tb® fciurtfe c&l'mTiM fksse msistmcon were ealeslatei %rltti 
the fsmmlaf 
H , C2f) 
wli#Fe 1 is eitliei' ©? 1|,, is the •feltage irep aerosg 
tli« prtbss, fg Is the irsltsge irop sc;2»ss tli© 
star:K!€ir5 reslfito?^  arc! is tli© resistarise of tlie st^ a •*' 
r«sisto3f» 1 paraiaetef I  ^, iefiasd by tli«5 #cii3a.ti©a 
1 - M m S B. • w< ( ^ 
is s'h.©wa ill %h& Imt eelniifi# fliis pawaeti^ r slio%ri thit tke 
sagiiitiiie of t&s f^ aetieiial cliaiig® is, ,r#sistaae# iesresses 
iseresslng filia tlucf^ ro/'.jSE* 
C# •CaXeiilatieii of Fils. fM?lcii«ss 
fbe thictedSi ©f tlie titmSf t, ¥®re csle^ ilatecl from tlie 
t fe  ^ ' C2f) 
ifiisye I" ig. the ef-tiie potassims bean {is.itoiii per 
«,® PER s«or.d) and IS tfe« aenslty of ®na»s«a potss-
slaa {In attsos per cn^ ). Ths team Intensl'-,' ; ;1'.® 1)y Btjia-
ties 2t) is 
J  « ( 3 0 )  
•pi 
is the !!£'%.•-)lattasitj? wa pagii 
37), aM T Is th# iistanee from tlie o¥@ii orlfies t© the stilj* 
st?at® -siirfaee# Is ruii I?*20| J %#iis e®lcn.ist«d wltli. tliis 
©fiiitiea t© 1)e ©t|iisl t© 2*8f x atosi pm m? per ssci©ji5« 
Fetsssins If l3©^ F«c©at©r®i ettble ultli two atsns p®r msit 
eell aiii a lattice eoriitaat 16©«I of 5#2%- js ®&» lese« 
tfee SeBjitj is 
r » 
 ^ X 10 "1'^  
Hg « l»3f X atams/m"^ * 131) 
With tfeese valU-es of J aM a^ | tb,s tM«feiess Cbf c-qiistion 2f) 
is 
where t ii in fisgstroiii asfi is in, s«eoa4s» Slais 
WIS ti,s©i in eoiipatiag I^m ttsielca©iss«s giteii in TaM« 2# 
©• Irr^ w ixi E«slstl¥ity Maasiireiients 
file stable resistlflties, i of tke fita 'wer® sslsH" 
ImtMi fey tli« foniKlai 
tiliare Ii wss tfe© iistaiiee lietireeti tlifi soriiii«ti¥itj/ pretses aafi 
¥ wm t*m wirltii of tli,@ filiis® fhese iimasloiis are 
in, figi3i*e 3* SliiessioB. wm ssasiirei %ritli t trsveiSng 
siereseope asi fosiii to he 0*500 es* la naeertaiiitj ia tlits 
ii^ asijreiieat arises from tli© fiaitd viitlis cif ttie siiftr fsiat 
llaes tftxish served as preMa# lltfccm;.,!.:' tlsr-s# 
t#er@ pai:at©3 as fine us peisllsX# witii'a siagle^ hai? tmsh^  
•itlJl C5«dl CIS ifi-cl®# 
t = 0.206 rJ C32I 
C33) 
flit Msmnslm 1 v&s mmmie& to be t© the ¥iith ef 
tilt s&eozd eslliiistiiig slit Mime this slit was loested ealf 
one slIMiitter frms ttie substrate ssrfsee# tliis asswmptim 
" 'ies wm i& smttering frms the slit e€g©S| 
110 app^ oclafele id.gi'stlQa of atcusj slcaig tlie siifestrat# smrtmm 
ami. atfay fyoii tfee amSf anii as glgrdfieaiit ^^wkbm* 
p&mmbm'' tffaet Csr-«:\i ns tliat wki^ h is tlie ieteetor 
piissl* If the fi Cl • S /t ) is te fteemmt f©r tlie 
latter «.ffeet, s!. mmr in If, to th# eGM e^asa* 
tits of stdiis oiitsMe the feoiit'trical wMth of tli© teeeai 
eolllaitiag slit, 'se sMiit flie wiith ef tlie iee« 
©1^  eolllBatiag slit wa.s wmmsmmd. hf a trafelirig ml&mmpm 
s'Bd fesni. t© Ise 0»290 011» 
4 posslblt •iiaeertaiBti* in tli© r#sistiwities arises fres 
til® 'me&tmintj tsi the A&mttf iihieli i$ mmm&i la ealetilatiiig 
tM tliickii.sss| It Ig kaswi C32) tImt eoMitioiii sf stress 
ezist III filss of 3»s iietali fermsi liy eTaperatieii* 14sr«" 
CfV«r| sttiiies of ameallag C33l r?mp©r&t«i filss iiiclicate 
tliit »tals iosetiiaiai -,1tr 3^ ''t.iees« Heiies 
gc* (? films idglit lie cQfisti«:r©43. as ©-rtxeraely ©^oli-worto#-^  
sM stiefe iiste?tlati saf drnem&se tlie iemsitf# fb# eliiiim-
tim of iistsptioii, ia th& Mttlm ^mmMs iipoia tfet* aMlit? 
of the atsiBS to diffuse or nigrat# witlila tfee film iiM psif-
tlie smf&m of fiM tm ©•  ^ t© flaS tkB 
most S'tatsli ceafiftiratipi* 1 rough msastirs ef tlie iisMlitiei 
€•2 
©f iiffereiit sstsl ^%mm hti been fiiggiisted hj Iraiis mA 
lliljiia C3^ ) t» tim »eip?©eal of tlie ii-elting point# tor 
suiting peiat lastalsi gmii m Mfsaitti C2F1^ )| siiotiM 41fftsa© 
sort j?#aailf tliaa setals %iltli hifli laeltimg psistsj such at 
ifoa CI?35*S)* ftes, Miis'Mefe snii Wilma (3^ ) foiiiii tint the 
strmsBS Is films af Miitutli 'Wefe --igilile la eeiifsflfoa 
t© tlie stre-isss in filits ef ires# It, tlieyeforeg se«iis rea* 
ioasfele to assime tiist putsfsiiaisj irMeli fess a iieltiiig peiat 
ef ©siJ 62 a Mgfe :-i*'o3ie ftoMliti'' Csr lew 
aetlfstiea energy for self iiffmsi&iil sai lieiic®} iso»Jc«sge 
with s fairly stmetee# flie sjcisteace of m iigiiifieaat 
Rofeilltfi eiren at lOO^ i Is stiggestei fey the of the 
potassium flloii aftet S®;positlsa Cfhe iBagatfeii© of ttie 
fTtmtimml ©.tiaage is registane® is g±wm W "sht- fa«tsr  ^ ia 
falsi# 2)« It se«iis pm'tBhlef themfmBg tMt tli«i ¥ast sm$m» 
ity of tlie potms atons npm Seposltloa migrated to sitshlB 
lattice sites t f!i« aetml fitasity ef the fil« wosM tbm 
sot fee far •; /i»@m tliif x«i?SF ieasit^ eclci^lateii trm 
tim ctKiftrat^ fliis Is !»;# 
reiatlYrdv .nasll aaaealiiig ulies tlie ts»i|s8ritii.re of a film, was 
raised#. la mm If-18 sai fUm mBoii'i; aii.gf8t?s2ifi 
tliick imm iill6%recl to wsrii tip t© asi ISi*!, rusptetiirelyi 
fres i«positiim t€iipersfai?«s sf 92fhsF eoaleil 
sgiiifi 
mnSMfMnm Sh# feiatlonml elitiifi? in rsiistanC': Ctfe® 
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tots! change ia i-eslstaaee ai^ irlaa, by the final rselstsiaes 
at 9a'K) ana th, tB.p«ats« increase dmrfag heating, 
/ I f  I  B . m  g i w m  i l l  f s M #  3 t  
fabl® 3 
The Fmetd&ml Sljsag# lii MmiMtanmf as 
a faiictioa of tli© f»per8.tti?« laterfilj Af, 
Paia ms AT 
IF-19 3© 
IF-18 
It is seem that ia Isetli eases the resistaiiet' deeiffsnsiicl l)f 
only a tmw mr ©eat# la acMiti©iij the fraetlsnal cliaage was 
net iacreaifed uarlcedif fey ijiereasiiig the teaptfatwe iatertal 
•ifliicli suggests f t  ^ "amieal® had oeearzwl tlie 
first 3© degree tuiiperatisre ?is«» Cfli® effeet ©f larger teiip-
eratir© iatsrwils th^ im tliose gi¥im la falsls 3 mm mt steii©i| 
fsr it was foiaiii, 'tliat tli#se flljas Isroke up esspietely mp&ii 
hettifif atete 20©®!#) M approxisate iipp«r liisit m tbt 
etiauf# ia iessitj inil^ate^l tr a film ptr ©est ekmge in m* 
siMtlwitf mn hs ©fetilaed if It is sfssiasg tliit tlm ieerssse 
ill resiitiiBce was fe® te a deerease is fiieaaej ecsti* 
eeatratloE and that a glws ifseremttge iracascy eoaesatFaties 
resmlts ia an eciiilvalMit pereeiitag© change im fieasitf#-
Calemlstioas C3S) tb'B'eiimt oi m^mMm m ttie r#sis» 
ti¥itf 'Of mpper inSieat© that a ©ae st«sie pei? seat ¥acaiie3r 
eoiseeatratioii wo'Slii iiMirease tbs msistlwity of eeppef bi* 
1*3 y«-elii» a,s ill©peas# ©f o¥#r 7©^  of tlie aeaal ro«s 
t€ii|>eratiir« fesiitiwitf of seipp®? {gljemt ><-oiiis 311}« If 
tb# «ff©et if ceiipsfaisle ia p©taisiiiii| It is sees that a 
fife per e«at eliasg© is rssliti^ itj ¥0iiM rssslt ia a eliange 
in ien-sity ef 011I4? a small fraction 6f mm per eisrit* 
fli# fifst layers ©f 11 fiXs tbat s.m ^mMmsed sm greatlf 
aff#et«d bjr the smbstmte (36)^  fiiese Myers ar# prebateii-
cxt.peiisljr strifaMcig &m to the d-isslallf-r.-ltv ia t'm c :o is 
spaeiBgs ©f tli€ fill! satisrial Qui ths siibstratej partieslaf-
l;/ in tlie case of s erystsHis® stifestfincs ecmdeiisisg ©a aa 
aitoypkoiis susfie© siicli ss glais® Foi' sme^ sBiwm lairgrs, 
the infliisaee ©f the auMstmts is prngresslmlj diiiiaisfeMj 
resaltiiig in a regien of transition ia wtmMiUw^ * Bmm ©etals 
hmWB stiffieieiit sjoMlity t© c©llaet ia Msmll aggregates ¥liea 
eoaieBsed. m a fertigii siiirfaee (37) mif In this wsjt siimi-
sis# the irit#ffaeial fh,© ©ffeet is itpeMeat lapos tie 
film listeritlf atii, upon tlie teiiptratar© of the smlsiitratfi. 
fliei® are kawa cimlitatl¥el^  to he tlie saiii^  as 
tliose tjf tils moMlitiei iiseass#i earlier regaMing tfe.e filii 
iesiity# Ififli siiMtrate teirperatetes prcisot# ifgregstieii. 
Ifetals bswiiig a bigti poiatj aneh &s alclceli iipp®ii3? 
ts 'tm 1ms psmei to agg?«gatioa tlian iittmlSi siieli a® aati» 
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iioiiff witli Im nsltiiif poiats C38)« fliesfi obfertsticms stig» 
g©st®4 tisat the iata #s w^ Tf tbis layers wrs less reli&lil© 
Cfrsis a stfa'i.«Spoiri.t ©f.n of tlisi tiis© ef?>ct In elactPieal 
©•©Bclmetiifity) thas seiiimrsnsiitf m tlildc 1 giMTlaiis 
!39p«a(!,dB.ce of the reiistifitj ©ii tli® tliiekiies® tioiiJJ appesr 
if aggi'sfstios %rer«  ^  ^ 'lag» 
66 
fii, -  ^ m fin wim - f-:r , 'r t' 
A« IfitraimstiDB 
fliis ytslstifities ef the pstassiiait fil» I'lsi 
If«2C) ii«?« ealenlattd, f?s®. liciaiities 33 witli tlae data given 
is fabl# 2 aiii AFFSIISII flit resistifltj aa a fmnsties sf 
tbietoess is shown in figur® 8# 
fli# i&TmnlM -ie^ imd hf fiielis glfes tfee reiistliritf sf 
II film,/o I in terms of fotir irafiiiM#-® | tfe® thielmssa^  tli# 
ms'lstdritf tli© #ltetroiile mmn frm piitli /y, aai 
tite seatteriiig ivtsmmetey  ^ #, ths otber'liaM, til© .resslts 
of the expariiasrit git© tlie ispemdrnm of tli® oa 
only oa© wrislJle^  tlit fhielcwss t». Tim priimirMl pTQMms 
la tlie mmpmrism of experimmt vith theorj irss tb# assigii^  
M«t ef WMlv.es te tii« tbrm passsstesi, e  ^ sM 
Mm Methoi sf frsatisf tlM-i lata 
flis result of tfe« tkmry is a &f ctirrss of/^ Z/D^  
TOfsai t/iyi ®ael2 cmrfe iiaviiig s different walm. ef  ^* fti# 
pr©eegs of f i t t i i i f f  the exp«Fisei i tal  iata iSfo: i¥f#i ttMMg 
til© iiTigers /Og _] -/y wliiela weali iJrIag t.li# tscptri-aestal 
of w&sns t Mt© esiaeMeiiee with & tltenmtlml etiwe 
ka¥iag a giwm ^ ® fb# tlieofetieal mi^ms f&? ^ « Of 
• 
a'j< 'u:' w«?« pl&ttei f the mUrmtes mep^mmd m leg 
*t m t© ©?• It B.mec1©al»ri i&r iiaif®itiag tiifi 
t«aliBl#2« ©f eew© fitting' irliieh is iis^ eusied iiere* 
z 
u 
z 
X 
o 
(000 500 fSOO 0 
t (ArCiSTROMS I 
flgst® 0» SesistiYittus Qf flilii Pwlassinii fiJjis (laa 
111! s mi tilt, fliiiiteefs® 
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the atselssa# as lo.; 4//,.. By plotting the logarlte, 
tb.® tkmmtieml mTwm mmltl he consiierM st f©salting ftes 
simpls -translations ©f miTwm ut log/? Tsrstis log t| slaes 
log /^ //3Q » 'Im /° *• ios «*M log T/^  Y « l&g T • Xof/Y® 
flie esg^ efiseatal Sata was tlifs pl€itt«c! m leg /<? feystii leg 
t « t?aii.spa»at gapli paper tiaviiig the sajie scsI®* fliis 
frapk wag piacsci oa top ©f tlie tbm&TQi$.ml mmm tor mie 
lartleular -w&lm of € , and tfees sliiftei, Icseplag tli# axes 
pamllelj mtil the #xp®rijasptal .psiiits soiaeiaei with tlis 
thmmtieml mrwrn, fh& pmltlon of the peiat^  leg t/Zy = CI 
of tli® tlieoretieal griipii ©a the afegeissa of ';le ©xpsriasatsl 
grspli was Botesi# Staee, at tMs peirit.| t/Zy « 1> Isf t = 
I&g  ^yf -sai k'sse® tlis sxperimeatsJ. /y was iiitef •«« 
isiasi* III a similar naimer, tlis point 't#li«e log/? = Isg 
was Immtrntt fliia proeess was f©p«atei 
for tht tliree mimes of €  ^ la, mtk s. cmwts w«r© ?a#si-
tisiiM S6 thst the feest pessitole fit C3Mg#iS ¥lsi2tillyl iias 
©|jtai2»4« ffe© g»stest fmlght is tt» fitting proe^ ss was 
giirea t© tliii thiekeft filjii# 
C• ItSBltg 
fti© rsgiilts of thia py9e«®s are abmm iu figtir# 9» It 
is S€»eii that sll tlir»® thmmties,l fm. mn M fitted mer 
iisitei ranges, fti© ImHe paxa»t€rs eM TMEA la fit-
tiag tfe® mTwes are gi^ ss la fabl® Beletlirely littl# 
The Bare Easisti^ltf,mi tlie 
i::i't^  /yt !Is©S in Fitting tlis IsperliiMital 
I te tlw fksimetiml Ctiirfiss^ for fti3?es fmlmm of € .  
/^© 
I^ otm eg ) Cia.ggt'i»eB!ii 
§ 1.^ 5 -12-'0 
o*a !«/?- iscc 
0,5  ^ 3^ 00 
eksiig® eeearrefi in tlie tolli: :;,";:lftl*''.it;'" ss the is«« fit** 
tficl tfj <Vlfferen,t falB®i of e , tim mmn^  f "6*:' fs.riei 
%f almost a faetos' of tlire#« 
Sie lasll: resistl-vitJi /o^ , -tlie seas free patli| /y, 
are rslattsa bi" ISfnatiQii 1| 
s /« |, 
wk&m the eomtmii A is 
A = # C3^ ) 
leru -« is tilt #l@etroiile eli&rge ii3ii3 h Is Plaaclc^ s coiistast® 
Sfesa /O^  is laeastirei in ete-eiij s, iii aiul /y is «ia, Jl 
tins the \.:a i' fn?:7 m icr^  Fro® ilia f„'-Cfn 
to fabl® %, asi ssisf li|iiistioii 1 with the walm of 4 gMmn 
III J I«|mti6ii. t r&lnm of Sj tlie fr#e islnetrisii, ci'SEsitf^  earn 
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THEORY 
EXPERIMENT 
O \ 1.0 
\o 
\Q 
-s 0.5 
\,0 
0 0.5 
LOS t /. 
' i'' ' ".r ' " } . ' ' , h: i- ' ? • . 
of tlie "'ax-rriot:/^! ^ * fiilmet sf fli# 
Btillc Paranamai ^  fisr# Odfta is fattt* 
ft 
Im eea|i«.t@i« la fable the Ynlms of 1/^ /^^ , ii| sM 
m/m  ^ am giwem. as ftiBetlsag ox' ^ » flie w&lim &i gl'fea hj 
MlvsMm 31 wsB m@4 im these ealealstieai# It is apparent 
that omlf tli€# ctime fm  ^ &ppmaektng 6 = 0 gat© wmlmm M* 
tli.€^  telk paraffistem wiiieli. yleliiiS rsBUlts soiisistctrtt iiitli 
seaaareiiants on bialk saraplesj sincn iisgaarsiests sf' tli@ 'Stll 
effect (2) hme sbmm fliat tlie SmisitF ef fy«€ ®lec}troiiS| rif 
is 'Fi.'-pfexSjagtelf etsal t© tti.e immitf of petassim stessj s^ | 
ttat IB, B/'Sg = 1. 
faM®  ^
fftlmes of tM Fi»«# Electros Bmisi'lF sfM tli,t 
lati© fF©iB tfi# Bulk 
for fliw© fallies of « • 
6 l//o^  /y m a/s^ ' 
. Cofea gjj^ l . , . C^ legty&aj^ cn*.) ... 
0 2C 10^ '® X 101«0,1 
0.2 3*1.3 x 10^  ^ 0.7f X 10^  ^ Q.5'7 
6*f 1.71 x 
IB ttie smlyiis ef tii© ii3cpejri»iitiil iata^  tli# seatterisg 
psrsiistti? 6 , ami tlie mean. fre« pitfe yaw assnsied ts "fc# 
MiBpmfimt sf tfee t l i iel i isss« f l ies© msmmtl&m^ pmMhlj 
applf oalF te the thleker It sesm®i rsasoaable t© 
sssiM© that 6 wmM 4&pmM prisssriljr ©xi the gtmwtmm (mi sn 
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fttofil'e scale) mf tli# smpfftess of the filis-s aoa, eotiM 
vary wltte, tliiekasss mlf i t  the slmctiire ¥«ye ^epmiAmt m 
tMMkums* for siiall tfeleksess©## iitiere the stmctti?© of thiS 
fill! *ii still iiiflnsficeci hj the :> "A r - u i iepeaisiist 
might bme eeeiiwei# Far tliiiikef tilMMf ImummTf it Is 
tfest tlie ssrfsigiis eoaM Mfe fmfi fi.lffersat stiiWe 
eoixfi,?p.rati©B.s iihiefa were? iiipeaclaat oii, fll' tMelcii#!s • 
IB BO'St g'teaiefi of eostaetieii ia filmi, it has bets, as-
tliat tlie rimn frm psth wat iBS#p«iiiest ©f 
thleteess* Grittmimf Li 'jsTf iM leffsaii C39) esitl* 
elsed this assnfaptioii sM on tha l»sli ef a tli#©* 
retieal adil®l aai tteeir expei'iiieataX ?©siilti ©ii fsLf o! 
aicfeeli tliat sli©ii.M he fiiif#s, Is:/ 
 ^ / t 
/j, = r-^ ~ 
for mall tf wlitye the imm. tt%m pmtk in bulk 
aai T is aEi iiilmstaMe psmsete^ * fliis (lemeMsaee arise# 
f^ om tlie «atldii ef eospsseat ©f tfee iQ«eatmi ©f, m 
mlmtTmi is tli® cliyectioa pe^ peaiteslar to tfe® plan® of tlj« 
file staibsr of immmMm state.® tM-f iirsetion is 
iliniaisltad as t ascresses, ami ttes theniiiX ssatteriag 
pi?el>iM.Iitf rsitieei* ffe# msnlt ie aa iaereasgd seas fre© 
•• • ^  .« 11€/ slysadf mmplm prmm^B of mmlyMMg 
iiita is furtlier eaapllcntefi %|* tli© ImtTMuettm, of tli® 
pars»ttr X" • It wa.s assas/si tliat this &tfmt was siaaH. fo^  
ttit filiis iiiifi eosM lie aeflsctei# 
Beciss# ©f tti© blgh mstility of tlie p&tsstsit® stimsi 
sgglGseratioa imioifetsiXf oiseiirfecl st ssall tbie'mmsen* flis 
iaerasifi la resiscl/'l;* Qimmmiii hj %m'C i^ } '• i 'nsslais 
fils 6^ siifstrcsas thieki te a taiiie mm' 3^  tlmss its fslae 
at tlie iastaiit the ilepssitlGa ws •ftopptcl.j tli® flSs. ma 
field tt 9>'5®K5 is ewMmm tlmt afgreg#; Isa. eeemrs at ttisse 
tt3icl?iiesg#s aM teffiparatees, Petssstes depesitet iip^ a an 
alpeaiaj iggragttei fih& woiild probaMj^  #oiifo» te tiie ssatcmrg 
©f tlis tiMer.!*!.!!.;', filsj at least iiiitll tli® areas 'feetiffMiii tl» 
aggregates were fillecU It is wmh&hlM tliat tli@ effeet of 
the of joti.nslim woiiM thsa he to ^^ rnoetli omt*^  
tli.e stmetur©! aM'to t'ftST.i as tlileteais iserease^ ai s 
eoat la i i -o i is  f i , l :s  lA le l i  mM'r/ i t  mem m&Tlf  a tnm sXzb  
effectIt '.im thMmfom sssiimefi. Iii tlie mmlfs'ls tliat tiis 
idfiatloas ©f tlie exp$rimsstal esrfes fros tlie 
mtwrnn tor tMelmssaef Icfss than fCK) aagstf'oiiig Murt? tti® to 
®spsai©a$" iBpeaisBsei of tls.e r#siJti¥it3? on thielcaegs aai 
%ref« Hot ladleatif« sf a trits si,g« sffeet 
la fittlrif til# §VSWBS^  smm iiieasurt of tlis imeertalatj 
©f tli€ fit ee/ali 'he MsSm§, fiiaaiag tlis limits siBswe aafi 
tseiw wliicli. the ©xperiii.@iitsl <!ata wss set on it tb.eer«tiegl 
curve* Sks process wms mthsr arMtraff sine# a eeftaln 
ais.omt of Jiii.g«€i:it %#as reci,u.irtd* IOWST®?! it 'was tlijit 
tlie taints of the mesa free path, listed'-IJB. fsMe % reprsseatsd 
til® tisst fit tfitliiji 10^ .^  fbe Ysriatlea inwas siiall€#r,^  
bM es'tim&fsi t© 1)© wltfcia 
fk  
B# Ci»psj?ii6ii witli Otiisr Ixperiiisatu 
SoiaitieiiE©r ix, r«Tis»i tlie litefaturs pili-
lisliei l3©fere 19^  eii tiBssmremeatt of the gise ©ffset is. 
ecisiiictida*. IxpnTi-ffiCJiitsl results of res.".-;: iieassji'sseiiti 
OB this ifi?©s SBil tliia flliiS| as iiell as otlief effects | suck 
as tii8 aaaBeloiis SME affect CI5 page 35) that tlie 
Isest fit is oMslis®i fer tlie ewTes yepreseirfciiif ec»ipl©t©ljr 
diffmse scstterlag C  ^« 0|» Mor© reeaatiyi, ItjuoMs arii 
Stllwell C%0) stttaied vsrlatlea ©f wi'r' 
thieksess in filJss of copper aM silter* fli« tltiefessses 
of fllss magei fycm i©0 t© 2000 sagstyeiis, fiie resilts 
fit th© eanre for e 0 tlironglieiit tti# entire ttiiekiiess 
ratiic aM the p#smltiag telk pargmet&B 'wm& in aseellent 
afreaisiest witli tlios© ©fctsiiiei fTom mmBiwmmAs oa Isi3j£ sas-
pieis It is iBtsrestiiifi te aote tliat ttie copper films ^ %isre 
ffwnt! ts "aaiaes?-.'* 5 • "Cw11a,t®l|' aftc^ r foKTiStieaj aiii reacliei 
fi.pp?6xSjB,ite eq-aillferltia. tme t© two feoiirs# 
:fli# oaiy ©the? e'Xpsrlments Cfeioifs te tlt€*i mitlisfl da :p©«" 
tmsitm srm ttios# of LQwell CCi) .-.ai IfessAlc Cf)» tmlj 
piMlsh&i tlie details of mm iicjtaislm 20 anistrmis 
thi'Cki auS it was fenai t© lie aasta'tilft# losank eeaisaisi 
p&taasiias films on glass sutistrats h&M at ffCAR, a, teitii 
of potsssias vapor of appfexiaateif tlie sans iiiteasitf as 
of Giir rm IF«2ti#. 1. f fhas :i .nTB tmmrl to b© 
slicswing Mitlae? deciaj ©r anngal, is 'fssistfisee after tli# iep©-
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sltioii* Quiistltsti^ s affeeiisat with Mielis* iMeorf wm elaiB«tl 
fm tM.Qk&mses of sljotst 1%0 iiagit?<siis to mm 1000 lagitfemsj 
jisMiag tli,s iMlIc pBTMsmteTB a 2,0S>cotis = 11.00 
saf8t?di!i| tm the mrv's 6 = o« fhig axpefimeat if iisesisei 
la tis# Beset ssctios. 
Ilessijr«ei3.ts C%1) ©f tli« resistifitj of Imllc potassli® 
gift _^ elis « at 100*S« llsi»g Iq-aatdea 1| we flafi 
/y-1100 sags tress  ^ ttese •al«#s a.?@ is agfeemeiil; witli the 
Milk pifSMetsTs cleli-'r imeti im tliis exptriisBst ssl|' fer %M 
ei.y¥a 6 « 0, It is setii CfaMe h) tlii.t ton  ^  ^ 0, th® 'faltoe 
/y woiili b# much greater# 
1. Swasry aad Cuaelosims 
fIse priaeipal ppsMeii in th& eoiipsrlsoa of experimextt 
%iitli; theory %#is the ussipneat ©f ¥aln®s t© tlie tlire# para­
meters I yOgi aaS • /|}» Me liii¥e.|, hf a isstlioa of ©iif¥©-» 
fttti!if,|, shmm thst ira..lc.€s eosia lie *„sri-:/A?c t© asi 
wfcleh wobM psfmit a satisfaetoyi' fit to tb® .e¥ir¥es fm ^ = 
0,^  foT a lisittcl i?anf© ©f' tliicknessesi ais'issliig tliat tetli 
/p aM 6 if«y© iiMapeaSeat ©f the tMckfisis® fhe r«.3'altaat 
mli3,e of tlie ratio a/a^ * liowe-f-erj %ii.i a seasitife fsnetic#ii 
of £ I ari4 oslj for 6 appfenclsliif  ^ = 0 eemli Tsliits of tiiii 
fstlo b© sMaiuei wiiiefe ¥©?s eoiisiiteBt wltli mmsmmmmts. m 
telle sotssfiisa.. Mt eonelt^ ie tii^ r'T-efors, tliat tti® seatt®::*!;/? 
of the ©leetfofifi fej tlie beiiadaries of tli© filss laas diffiastj 
is igfteiaent vith othsr- espefiiaeatal rismlts® Bi aiditioiXi 
it lias fsBni tliat the Imllc p^ Fmrnters^  /o^  sM /yi oMaiaiiS 
trms tli©se sesstufeacaits were is go©<i agreement 'witfe ®eiistif®« 
liests on 'lailk smnplm  ^ Wot tlsiii petasilum filiBS at 1©0«I, 
W0 eeaeMe .tliat ftielis* theorf^  witb. tlie m§tmptim of ij#?-
iifftis® scattering at tlie a*arfaeeis of t fm filiis, 
pif©aietg eorreetly th-® itpuMeme of the sesistivitf tipos 
film tliielcaess I la tli©. thickB.©i:s rmig^  500 to I60Q aiigstfeas# 
7? 
' mil. mmmmm 
4# Mssisssies. sii tlie freatmeift of 
ti# WspmiBmiMsl M%m 
toproidjiatloiis to tlie thmmttml siirire fo? € » o nr® 
la sisesioif II Cltsatiosis iJi 1%| aai 1?), fm t'ae esses 
where t/i'y is smefe tlitii snity mi. *iilier# t//y is 
laieli siiallsr tliaii aniti-# If it mmm Imoifa tisat i^tiser of 
tliBse coaiitioiis wtre gatigfied, tli« etir^e fitting woiiM 'fee 
trl.fialj, slue® tfe© spp^ exluate es|if®ssioiis eaii be naiiiimlatM 
3igel>V:iie.illj/ so that a ftiiieti.Grt of cmlf /<?^ aiai t is liaser 
;.lr;ttecl against a Pmstlmn of oalf t.j the slispss siii 
intBTe.er:t3 giving clir^ ;etI,T tlifj 'Mile eonstsats /O^  -isd 
for emmpMf if the taadratic term ia Iqnaties i? is ffisittei, 
til® rssiiltaat ©cieatien esii. fee sbewi tc '&'$ 
= Cl.?8?/^gip) [log 1.526ip - log tj (35) 
fhis tQnatloa is ¥alid iihes l/iy is imieh Ims tlias aaiti-# 
If a |:4©t if made sf f'@?siis xo t| the eiifw sh^ mM 
be & stsalgfet line, 
tlilg sppr#xlissti©ii.. was maei toy Iiisssk Cfl in the treat-
aeiit of his eacperiseatal Satg c»i potafsim flhm  ^ from a 
Iil0t of versus log t frm. the ©xpariiaeiital iata, la® 
fO'oM that a sectim of tli® siifire was linear# fits limar 
s«ett« lias iii:tr«politsi3 to tise afeseissa wfatr©| tlie 
ecp-gtiQa r?c?w.. t & log l*f26 / Is tbis 'wmf I ^ %ims 
7B 
femii to hiB* 800 aagftfoas, file mmiM of smmi cMim nms 
tr® iifeB ia tiis papufj the averafe laesa &©e jmtli foiaM to 
!-•* llf^ O aagstroEiSj rM * • 
10-^  r^/m eii.) f ifliicli tfrees witk the esgatrtiaestsl values 
eBtaliiec! by sessitfsjieiits oii 'lualfc 
timmmWf ming -/y s SOfj aagstro;,',s »mt 0^  » i//c^ Q ® *^ «S 
X 10^ C©l»: w« fire umble te fit liis data te %ke fMm» 
T'}%lGK.l fey € = 0.» Ifeaee it s.ppmm te us tliat his 
%me &t til® sppposlisat^  ® mtm  ^ iqeatiea 3ff aot walii® 
B;f pT'Qe#f,i ef ciirw-fittisf -iisciissefl ia SlCflDI /^II^  we 
•oljtalm, royf.elc*s iata, a mlu.® for tke ra®iia fmrn 'f.tU 
In this films sf abemt 3©© «isgsti?ms» Siieh a saaXl. ii.eaii, fyee 
15i.tli suggests that tb© resMiial rssiitl'fitf' of lain fiJjsi was 
Mgli, mtm te imperfect filsa • gtrtietoe resnitiiii 
fro-,'' JO. f l*o. le ii©Mlitf» logsefe fstiad ii© Secjeas© in tlie 
reiisi: . ef liis flMs t'l-ci the ieposS-tioa. M-m stoppMf ia-
€leatiBf tlmt tlie moMlity of tlia petagsima atesi nas sail 
at tbe t©siperatiir« of tli# s'tifestrat© 
Iftieii tlie iats of mir ma If-SO treated la tlie i-ane 
lisaiier tliat testk gsai^  tfe® plot ef C/? wmms log t 
'%® are iisstiiiilii..g lii this giiciisgioji .r 
femus tlii<slm#ss ewie gi^ a^ liy Ifossek ia kit, l'iira?e 5 C?i 
pag© 326} li from the same Ssita as feig etirf® plettei ais 
vsjiiis leg t glviis ia feis 6 C7| psf® 32f}« fhit appears 
t© be tnis, witlAs ths menmsf t© iifciiels values oouM be r#ai 
frcsa liii gpaplii. le r©ai, fyoii liis erfcrapolatiofii » "790 
arifstr'Oiis e-orresporiiiiig ts /« » 800 aafslroiss listerr ia Ms 
falrjle I Cft ,127)« Hsacei *« asstiii# that the Ssts. fo'f 
Isotia fig'iire | ami 6 fresi ttie sssie ms MI/3'7* 
was fmsiA Ills© to hme s limmr po.?ti©a» MsMm:pols.tim ©f 
tlie stfaiglit Itm -prntim. t© Ih# sbi^ issa fieMei tTOO aag-
stfeiii for tfe« aess free patli# flila tsIb.© li aliaegt > 
tines tlie talti© aMsis^ ii frois t!it tnit ttiesjfetieal 
Tm mSMtmme ef a striiglit line pertioa is tlie 
¥itrsi2i t emn^ e does aot iadlea,t-ii tiint tie apprezijsatioii is 
ffLlti# It is SomMftil., tlserfiforei losself^ s t3.S€ sf tke 
appresiiiate espf^ ssiea, Icinatism 35? "£-^  
B» Siigfestioss fer Furtfesr Stiiiy 
la this experliKsiit^  tlis #l«et.?ical rcr.istitltits of 
petassiBii films were Isfegtigatefi at one depositi^ os tempera* 
tsir« oals*^  aanely lf)0®K« It wmM lie itsirafele te mMmiim 
th-B melstiwities ftlms de-coMiteil at otli#r ti':- t^ rate'es# 
ilmmwer-^  diffimltims mn M expsetM at ©itlier isifsr o.r Mgfe-
«r ts: ?.-rstiirsg* 
At lower temperatures tfee iieMlitlss &f tli© atmm of 
tlie fiM ea tfe® siitostysts ar# siialler sM tfes filE;i woiili bt 
sore gestimotti Ctbat iS| Isis aggleisisratioal* Sow-
e'teri tli© striilitf ©f tlie atoim to iiffmtii sitfeer tfesfsmgh the 
film ei* OS, its 'fi.ee woiili also he tlser-sasecl® Cfli® lstt®r 
pf©cess€g proM'bly imwe a Siff©reiit aeti¥ati©ii ea#rgf tliaa 
tli» 4iffi2fioa of stsiBi! « til® substrate sarfiae©...* M 
rlti 36 tuiiperafer# ef the siitstpiite i-f«rM t' issfease 
sajr aiKitaliag ef the filiis audi tbe stme-tmr^  m&j 
m 
fee mrAtWJMm mi a gregs scsl#j oa sn stoiiie n&lm it 
W O H M  u r s t i a b l j  i a  a  l i i g l i l y  ® e o M  T M b  
woK-l^'i Fi >t in. a sleetrouls wmm. fre# psth aiiJ lieiics 
s siisil#r size effeet# Da ttis ©ther fesMf m klgbeT sut^ strate 
i#0!2lil prsiiot® afgl6!i#Bstiaa# 
fills ssfgestg tliat iiiem would I)# an optiniaB iiilJitrate 
te8ip©ratQ,ye for tlie fiepsiiitloa of films |. wlilcfe womli Sspesi 
iipe»a tfee ®,iite:flil of th€s flls sai tli@ mtum ef tlici substrate, 
1 itni'f of the sig© effect Is a s€#ri€,s of iepesitioiisi m & 
faaetiea ef tlie teaperature of the 3mt>.s't2'iit® tariag tke 
cl#posit:iofiS| shmzM iullc:--'' - t!*'- cjptissiaa t®Ei>©?ater«| sai 
®i.y briag ©mt S©b€ iaterestliin faets iifeoiit tfef" 4 -s of 
the at«s of filiig® 
It is pQSsible t© Improm tli.® mntitmltj Gf filjas (mAnm 
tb,® agglmer&tios} by imereaslng the beai?. iateasiti' C3'/K 
It has feesa stiggeiited OS) tfaat tills is 4ue to the 
rat© of fcimsticm ©f gitable saslei fei- eoriatmsstlcsii, wkleli 
Fssal*'- 5a g larg© auciibtr ef stmll aggregates.® leaeSi at a 
•giwm snhs^mte tmspm'&tuTef m hi iateasity mj 
' t© <i3cteiii tl)e mMm§iMmmsts ts smaller 
mmmm* fhs rmnlts of Mgss^kf hcmswmf :,iir::ieats tliat tli# 
rsean tree vmth maj fee lower for higher mtes cf eoatcsasstioa* 
fills mpmt ©f film fofiaiitioii 'TC. fee stMiea fiirtlier^  
the tiwi-peratm e^ mmfft6imts ©f r«sistiflty of th# films 
WBm not mmsmed in this iirp©ri®etrfc« flis ¥aeiais sfntsi 
81 
shmtM he Boiifiei Be thati affer a flls has aimeale# te a 
stable resistane©, it emiM fee eool«€ to lower tsspiiraterss, 
ifii Iti eliangs in r©iietaiic© sen siirti ^ It Is importaafe tliat 
th# t«iBp©ri!ture iatewal 'lie is«.ffig.ieatly ill so that tli© 
filist ar© set afftstei tij tfee di.ffer©stial ©xpsiisisB, of tim 
film sialjstrst©# Cooling of tli® fllias is prefemMe to 
hestinf so tIaat the teiipgyatiire Sepeadest effects^  sneh m 
aggloneratioa, io net altur tlie film properties* fti® stiadf 
of tlie te;.e& i.fii.cieat of TmlBtmm eaa proirlds 
wmli-fihlc liiforitstioa# C?ittea«3,@a, and loffissa C39) 
lia¥€ iaiiestei tfait tlie d@peEd©aee of the is-eaa free pttli on. 
film tliiekaeis iiscussei on page f2^  affectt the tewcpsmtme 
esefflcisiit of reslstanisr .vnrg radiesll|r tltam the resistivity# 
E e n n © !  i i s a s s r e i K ' n t ^ ^  o f  t l i a  c e e f f i c i e n t  s l i o a M  d a t e s v - t k e  
¥aiiilitf ef tlie ssisiiptioa of a eoastmst a«aa fr®© patfe asai 
is tliii experimeBt, 
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Scmilitiii©?? 1# S*f M¥t '* t-  ^
2t • 2smT, Gn I%FS. Beir. ^ 
3, fticlif, £41 P3?0Ct Siisfe^  11. Jr ''- 100 ClSlSC'^ * 
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orlfiee cHi -s'. r ,.<;!• yhj:^  can effiis® isto s Mfliljr 
efacisatecl It will h& Bsstmim tfeat tiia orifi©« ii 
•" thnt it it.«5 trs# ? vfi-cCou 
C^ 2^|. pag« 65) > md t'.'.fit the efria^ ioa is siaail to tiiat pyci'* 
lihtlmi, is (".aSntiilTifi,.,? t'ithlrs. it? ©iieiesufe* ftie r 
in Fin*?®- esJ^ tepAs t^zz> x «• «13 to x ss li, tuid fi:*7 
y = »a to F « s. flae s©»al to ti- » xjr plaa# fi-t t; cjf 
ty,«" is '^.he '"tr- aaclgs i.-: to ].?£"•"; 
of %h& ir ilag:?aii aufi, tlia 'fapo? 
?rl * 
I eft! ii--; tli'7 slit Is lo€atei on th© lieaiE aicls at a 
"^i^ .r'Lsi Eg • '§ fmwi tlie orifieti ti.or:iial te its Blasis if 
to tfee beau axiSf ?f5Cl its cr'3is en the hmm aMs® 
f lie slit eacteridg fmm wJ to ic* = l5'*f fiM frss j* » -a^  
til *5' = &«, 
the 5f' ietectof filmssnt ig 
ill tfc® iiagraii py' a yJ  ^ '• J z t^emI to th€ l)eaia 
iris, is located at . *-u the mlfltm* Iti 
eeoi^ iast® systaii aisc. z.''; 'is .1 the beim axis ami 
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0*05 mtlm.Sw > e-fctf.iii this amnm j^f we imst lia^ « • 
FP^  ® C|«0^  « (491 [E/  ^ <x« . Z)2J' 
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tfe« w&lm of the l#ft sMb sf lirimatieii If, 
ki.vf  
leaeSf, the .spprrjicfeatioii given, bj Icpa 
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gyapli ef mmm tSjiiei lijr ist^ rpcilatieii "featwten nutitsm 
WHS eoBirertC'd te teirpe?at«e ia a'bioJ.mte itgrees, iMeli 
is ia tlie t^ )irr. mlwmn fhs fllssent tisiperatmye 
Is is the fou'T sol' ?li« p©tcr\.. i appMM to the 
cepper gyliBilt%S' aiiS tli# Ion cells.: to:' are slisiia is tli« fiftb. 
sEi sixth eoliiEfis, reiipeetiwjlr# la »x. t,h# eoppty 
ejllBiler sswml as the eelleetor aai. tli© potsirfcisils apflicifl 
are sli©¥a is tlie sijdjii co!\;u..^  flie snirtatli, eighth, aiii' 
alBtli ecJ-r 7^  »i¥e the c,". •(<•"' eirreiiti the tstal eiii'-
yssa-l, aiii: ths i,iff#rme®5 ^ 
fafel® 11 
Eiia K«»2f 
V$MA ©f filassat- s O^ IOS eiif wiitti ©f slit * 0#268 cti| ® 4#80 etaf 1 s 1,%  ^ eja« 
rr.o 
02^ *' 
0210 
0312 
0600 
060f 
C-'T ) 
7.280 
mih 7.397 
f • s -
023f 7*27$ 
m W  7 f 2 f B  
7»279 
6»75^  
© 
'^31^9 
kUS 
hSlS 
J68«i 
%38.8 
fEl 
126f 
lfi6f 
12^  
1271 
itm. 
I2fl 
2i|'02 
lliOS 
lhQ2 
ihOP, 
1%Q2 
l%02 
If06 
iSOi 
IfOi 
IJOi 
1« 
1S8% 
1.27f 
12:ff 
% *= %c 
Ctolt^ ) iAcmap) 
"20 
~:>o 
-20 
*3^  
-20 
-20 
4o 
-go 
-20 
«.fS0 
-3f> 
-30 
~?.o 
-30 
OjYjrO 
oam 
cacci 
0.3 f5i; 
0.1.10 
o..n.c* 
o.iio 
tujis; 
o.n5 
o.iijo 
0.17:0 
('.ihO 
0.1^ 5 
C 5 
%e % 
(><'"?) J C/^ a*p> 
0.3-;t 
0.3;>i 
r»,35j; 
" -
G„; H'l: 
0«3ri 
o.3c><; 
J. K ^ 
«- yf' 
r -•' { 
V-.250 
0«36!= 
C'«5?Ci 
0,390 
0^ ''>C 
j'i 
;iC. 
v.IV>: 
0.3 yr" 
I «. > 
o.r-ro 
CI 
w 
01 in 
Wf © 
1 a^W a 1^  C^ j 4» «i«l 
# ^ ^ © § O ; 
11 
e u 45' 4?*^  
« i~|. : 'J» r-,> 
® « : 
%•! 
C > 
; O 
r"i I 
^ t hi 
o  ^  ^
 ^  ^  ^ *3 
r fc"' c C" 
^ l^Sa 'j 
ff ;,•;*•» i»»i 
 ^ :i^  .# 
'W* 
o -ai o m j«fS& 
» # » # C3 
,|^ "%, rfW*V %'<9.t' '- * 
pes: 
lA 
1^  
ov> 
,4x1 r-i 
CM' O-v 
ftl 
\0 
lr% 
# 
U% ir% %s\ 
*^y 
r4 6* #•• jKn'Tifr*-.,-':.' 
 ^ x-\ « «k Vu, 
• # # ^ ® ^ 
Wi '•C'v. ;. J 
o 1 # # .¥ 
'W-' vy' %,(««•' 
c: o o 
gm^ 
1*4 O V* # # # # # 
'iW.» »^»w" -Vx^  
'"spwe' 1$^. 
•W" "W" ®W "Wi-
.^  # # # C"" C" 
m 
 ^ V -"V 
'i ^  1 «h^ ^1 n * ""j  ^ i' 
«?; "i #  ^ W 
vrf «» "> 
T^ iT'-r^ ,^ t-. Bump's 
>{^ "1, -il^ . «;5w «««-•'M^ ' .g!a>« .giSMJ. #»•# s^  #  ^ # .# ll.^  ^ »» o 
V? jX*. 
•fe^. («R%J 
r-lC'' C 0-V^ -
«• v-.i' r c ?: yP •»  ^ .< fli p J ««u>- Ai *-• "•' V  ^
W  ^W w #  ^ # # # 
c c c c o 
ij-i*> ftlHj 
•ff^ «#«g tSSK i-« 
t**'f i**^ ' *^^ 1 C^ «li 
sfW  ^ •iirW'' f 
• # # # M 
o o o ol 
fri,r>4'tA'M 
G O O of 
 ^ 1^ 
o 
€ i '  <,; f"> |M«^  |«ai«| |W»4  ^  ^
'ii© 
•0 1?"^  •^ 0 iv €1;^  'f*^i 
'5 •4,0 i,^ •^iW *s0 t>. 
' m 
•/i^ 
# m ' # • # 1^  2^  ts. ts. *£*». 
i* t^,*' 
.*slf ^ •a 
c vj. 
# 
C'il r4 
CO 
•iK 
C'"^  
o 
ra 01 CM 
Cm C\^  
. . ' m 0-% 
m f'l-C. -i i»^ -
'i; o 
WiAth 
Tixm 
B3 • 
lua E-3*i-
©f fllaneat s 0*30.^  e».| wMtli of slit  ^ enf 1 =- e»5 B s 
w 
1833 
1821 
195$ 
2001 
tOtfi 
iOdf 
20A 
2022 
S03# 
2^ i 
tcPf. 
tOf? 
aiof 
33 tl 
mM 
2W, 
2208 
2227 
t'© 
, V 
? 
?.38 
7»^ 32 
7A3? f*h2i» fM$* 
f*383 
f*3tS6 
7.352 
7*33f 
f.Slfi 
7*307 
7.298 
7^292 
f,270 
/ 
7»:211 
7^im 
7.172 
?a.3i f j j w  
ffcOit 
f|^  
[«J 
% '^*7 
%53«S 
%52*f 
htP.06 h 
iv5::,0 
%fo*2 
%%f,8 
ii%9,3 
»i%8.2 
*-k£.  ^  
132f 
1361 
3361 
ihm 
13<» 
- ¥» f 
C¥#ltg) Cvolti %o C/<^ a»i5l %6 .,^ l^ .iiial^ . 
h 
0»0%63 
0,0?:^ ?. 
0421 
0-»32% 
0*328 
o.3%o 
0.2f!i 
6».27% 
0.2^  
Cf*t7f 
Oc/v-;;,0i 
';.oi/^  
t3.0';^ 7i3 
r.0710 
0,:-)- -
- 3 ^ "4^ ;• 
* 
0«2fri 
f3®28f 
0«t8f 
0^ 388 
o*2ai 
0#088i 
Ci#087j 
0,616-; 
0#0f!'3l 
r . r- c;^  
•• • X 0, I" 
/;• '-»tv. 
" vl-: V 
O^ Sfl 
0^ 2i8 
0«2^  
C)»2%4 
#.*25S 
O.OSi# 
0«08%t 
0*O#6 
0^ 0032 
0*081J 
'>.::--U 
0»:K-r^  
•'>»:<:•?• 
O.il.'i 
o«Af 
C 
&,€lf92 
©®07ff 
0^ .0759 
O^ OBf 
o.omt 
0*0€8f 
0,2f8 
O.tfl 
0*283 
o».tm 
0^ t9f 
0.2%f 
Q«aiS 
0,213 
©•2©f 
0,198 
<3.a8a 
iPMiaix c 
flit iata tskHB: 4a rm is giwea ia the fsllwisg 
tsMe. r,, glTffi in solB.® 2, Is the total tims of «T.flrars 
of tl3© itt!?'Stra%e to tlie Is tli© tliiri aei 
iims, tli« teslstaacei ©f tlie films isiitiiiitely afti^ r isp^ si-
tioS| *0. aM ttie nt&hlB yesiitsiMssSf are iirsB* Fi« 
the fewsla Cgiirea in tlie 'h-esiiiag ©f ths tsfcl#) relating tli« 
tliiefaasif t, t® til# @xp©iii.re tl.iE©» tli# tMclsiiisses ifef# 
ca3.eiilatea aiiS -.'la sliGi®, ti t\ i fif';'? s©!'.. .« Tm ms'lsttTltf 
is fiTOU ia tlie slstli eel win# IB tli# lasst feffo colissasi the 
rfattos S'?® sls0i#ri». The w&lmm ©f itai  ^
mS'Scl tci these ratios tre gi¥©ii is, tlie fe@aS5.iig th# 
ta'felei tiieir were slitais#d 'bf fitting the txperissiital 5ata 
to tlis the©?«t:i.c. 1 cmwrn foT e s §, 
* -Sb- 'T'S ' 
' 4s. 
:?/r\*'f 
"^ S^  Is-
TV,; *0 
T'*^ ''* T„C>fi 
' W 
? "i -j'u 
«C) 
<St \ 
-i-i*' 
/: ^ I T 
'•H i •& '•• 
: « •  t Tt 5^  T 
t 
•jA. fj> 
r.-,« *•• 
i, ^ 
5*j 
•{ I 
S"9?rt 
yyoi 
tiC'U 
wr*' 
I 1%" v 
.voC'o 
IS€'«^  
'jit.*1 * V  ^
,^ I6*0 C -> • T I# 
Cc'C 
/.fy* y 
W 
.Ci' "• ? % 
isX 9 
o^'"* 
i|g^ * Q 
€^6* f) 
82* 1 
66' T %» 
0 j2 
fiF^ f 
oCiC 
oC5s 
yC6T 
tl 
J 
II 
ML 
l83*Ci 
QM^Q 
im*Q 
'^1 OQ* i 
 ^ I 
-V^  
^1 r* 
J 
% I 
- * Oo 
o£fl 
nf^T 
0201 
IS ai|9 m€f 
BIM 
»*P cwOI * i9*t - V 
ts^ «i!|s»» ogit 5s is 
 ^68^ 2 
>^ •0  ^ *X 06S*0 ~ ft f 902*0 = % ia&s C? 
: S ••(1*1 - % Sle2*0%»i ~ 9m^iMm<tmmz 
lU eitpi 
